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Background and Request: Based on the June 14, 2005 HED Chapter of the DDVP RED, the
registrant for DDVP, AMVAC Chemical Corporation, requests in their July 29, 2005 response
document that HED reconsider the unacceptable classification of the two DNT studies with
dichlorvos (MRID 46153302, and 46239801) in ight of recently submitted Historical Control
Information (MRID 46487401). AMV AC states that EPA erred in finding the DNT study not
acceptable because the finding does not take into account the fact that two studies, considered
together, fully satisfy the Guideline requirement. The DNT Committee met on September 1,
2005 to consider the AMVAC request in light of the newly submitted Historical Control
information (MRID 46487401).
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1. The hastorical comrof information (MRID 46487401) supplied by AMVAC contained results
of 29 DNT or multigeneration studies initiated in the period December 1996 to July 2003 in
Alpk:AP{SD (Wistar strain) either dosed by gavage or in the diet. Data considered were pups
born alive, pup survival on day 5 (without litter losses), pup survival on day 5 (with whole litter
Josses included). incidence of litter losses in each study, and health monitoring investigations for
rats at the breeding unit, health monitoring of rats in CTL (testing laboratory), prevention of
possible infection at CTL., and mvestigation of environmental factors.

Conclusion. The DNT Committee determined that the high incidence of total litter losses, which
resulted in poor day 5 pup survival in the two DNT studies with dichlorvos {77% survival in
RROS886 [6 total litter losses/30 control females] and 73.7% survival in RRO388 [5/29]), both by
gavage, resulted by chance due to random factors and not due to any deficiencies in the conduct
of the study or environmental factors at CTL. Studies conducted both before , during or after the
dichlorvos studies, either by diet or gavage, did not demonstrate any trends or patterns of
distributions of liter Josses or other unusual findings suggestive of any deficiencies at the CTL
laboratory.

2. The DNT Cominittee next considered whether the two DNT studies could be combined and, if
s0, what would be the overall NOAEL/LOAEL for the combined studies and the overalt
developmental cffects observed in the combined smdies.

Conclusion: The DNT Committee determined that the two DNT studies combined had
acceptable numbers of total pups examined in the controls and high dose groups (> 33 pups/sex
in combined studies) and, therefore, the developmental results of the combined studies could be
evaluated for the NOAEL/LOAEL. The classification of the studies was changed from
unacceptable/non-guideline 1o Acceptable/non-guideline. A companson of the developmental
findings showed that the auditory startle reflex habituation Vmax in PND 23 high dose males in
study RROB86 haa statistically significant increases (39-47%) in 4 out of 5 blocks and study
RRO98E had increases (7-15%), although not statistically sigmficant, in this same Vmax
parameter also in PND 23 high dose males in S out of 5 blocks in comparison 1o controls.
Therefore, the developmental/offspring NOAEL was determined to be 1.0 mg/kg/day (based on
study RR0O836) and the LOAEL was 7.5 mg/kg/day (based on both studies RR0886 and RR0988)
with the effect being increases in auditory startle amplitude in both studies.

3. The revised Executive Summaries for the two DNT studies are presented below:

EXECUTIVE SUMMARY:

In a developmiental neurotoxicity study (2003, MRID 46133302, study RRO886) Dichlorvos
(99.0% a.i., batch #ST120700) was administered to 30 time-mated female Alpk:AP,SD. (Wistar-
derived) rats per group by gavage in de-ionized water at dose levels of §, 0.1, 1.0, or 7.5

mg/kg bw/day from gestation day (GD) 7 through postnatal day (PND) 7 and direct treatment of
the F, offspring was carried out during PND 8-22, inclusive. On PND 3, litters were culled to 8
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pups (4/sex as closely as possible). and litters containing fewer than 7 pups and/or fewer than 3
pups of each sex were removed from the study. The dams were subjected to a functional
observational battery (FOB) on GDs 10 and 17 and on PNDs 2 and 9. The F, offspring were
observed for attainment of preputial separation or vaginal patency. Animals were allocated from
within litters for use in the following investigations: functional observational battery assessments
(PNDs 5, 12, 22, 36, 46, and 61); locomotor activity assessment (PNDs 14, 18, 22, and 60),
auditory startle habituation (PND's 23 and 61). water maze testing (PND 24-27 or PND 59-62),
and post mortem investigations including brain weight, neuropathology, and morphometry
(PNDs 12 and 63). Dosing was based on a preliminary developmental neurotoxicity study in rats
{MRID 46153301).

One high-dose female was sacrificed on LD 3 due to clinical signs (pallor, piloerection, and
slightly hunched posture and thin appearance) and had a pale liver at necropsy. One mid-dose
female died on GD 24 due to parturition difficulties. There were no treatment-related effects on
maternal body weight, FOB parameters, or gestation length. The maternal NOAEL is 7.5
mg/kg/day, the highest dose tested. A maternal LOAEL was not established.

During LD 1-5. the control, low-, mid-, and high-dose groups, respectively, had pup mortality of
22.6.17.4, 17.5, and 28.1%, and there were total litter losses of 20.0, 10.0, 17.9, and 18.5% of
the litters in these same respective groups. There were 2 total litter resorptions in the high-dose
group. The number of litters available which were used for F1 offspring was 23, 21, 21, and 14
and the viability indices were 77.4, 82.6, 82.5, and 69.0% for the control, low, mid, and high
dose groups, respectively.

Due to the low number of pups available in the high dose group, it was necessary to combine this
study (RRO886) with a repeat study (2004, MRID 46239801; study No. RR()988) consisting of
controls and a dose leve! of 7.5 mg/kg in order to have sufficient pups for all assessments.

The DNT Committee determined that the two DNT studies combined (RR0886 and RR0988) had
acceptable numbers of total pups examined in the controls and high dose groups (> 35 pups/sex
examined in combined studies) and, therefore, the developmental results of the combined studies
could be evaluated for the NOAEL/LOAEL. The classification of the studies taken together was
changed from unacceptable/non-guideline to Acceptable/non-guideline. A comparison of the
developmental findings showed that the auditory startie reflex habituation Vmax in PND 23 high
dose males in study RROB86 had statistically significant increases (37-49%) in 4 out of 5
blocks and siudy RR0988 had increases (7-15%), although not statistically significant, in this
same Vmax parameter in PND 23 high dose males in 5 out of 5 blocks in' companison to controls
for each study.

Therefore, the developmental/offspring NOAEL was determined to be 1.0 mg/kg/day
(based on study RR0886) and the developmental/offspring LOAEL was 7.5 mg/kg/day
(based on both studies RR0886 and RR0988} with the effect being increases in anditory
startle reflex habituation Vmax in PND 23 high dose males in both studies.
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This study when combined with the accompanying study is classified Acceptable/non-guideline
and may be used for regulatory purposes. It does satisfy the guideline requirement for a
developmental neurotoxicity study in rats [OPPTS 870.6300, §83-6; OECD 426 (draft)] pending

review of the positive control data.

EXECUTIVE SUMMARY: In a developmental neurotoxicity study (2004, MRID 46239801,
study RR0988) Dichlorvos (99.0% a.1., batch #ST120700) was administered to 30 time-mated
female Alpk: AP SD (Wistar-derived) rats per group by gavage in de-ionized water at dose levels
of 0 or 7.5 mg/kg bw/day from gestation day (GD) 7 through postnatal day (PND) 7. Direct
dosing of the F, offspring was carried out during PNDs 8-22, inclusive. This study was
conducted with a single dose to provide supplemental information to the previous study
{(MRID No. 46153302) where high number of whole litter loss at this dose was seen.

On PND 3, litters were culled to 8 pups (4/sex as closely as possible), and litters containing fewer
than 7 pups and/or fewer than 3 pups of each sex were removed from the study. The dams were
subjected to a functional observational battery (FOB) on GDs 10 and 17 and on PNDs 2 and 9.
The F, offspring were observed for attainment of preputial separation or vaginal patency.

Animals were allocated for assessment of FOB (PNDs §, 12, 22, 36, 46, and 61), locomotor
activity (PNDs 14, 18, 22, and 60), auditory startie reflex habituation (PNDs 23 and 61), learning
and memory (PND 24-27 or PND 59-62), and post mortem investigations including brain weight,
neuropathology. and morphometry (PNDs 12 and 63).

No treatment-related deaths, clinical signs of toxicity, or abnormal FOB findings were observed
in any maternal animals during the study. Maternal body weight, pregnancy rate, and gestation
length were similar between the treated and control groups.

The maternal NOAEL is 7.5 mg/kg/day, the highest dose tested. A maternal LOAEL was
not established.

The results of this study were confounded again by excessive litter loss in the control group
similar to that of the previous study. In the control group a total of five dams had complete litter
loss duning lactation and another eight litters had insufficient numbers of pups for selection of F,
ammals. Only two treated dams had complete litter loss. The reason for the pup mortality is
unknown bu: was also seen at the same dose (7.5 mg/kg/day) in the previous study. Therefore, it
appears that the pup mortality may not be related to treatment, but rather reflects a chance
occurrence.

In the offspring available for evaluation, no treatment-related effects were observed on body
weight, body weight gain, [ood consumption, developmental landmarks, FOB, motor activity,
auditory startle reflex, learming and memory, brain weight, brain morphology or neuropathology.

The DNT Commuttec determined that the two DNT studies combined (RR0886 and RR0988) had
acceptable numbers of total pups examined in the controls and high dose groups (> 35 pups/sex



examined in combined studies) and, therefore, the developmental results of the combined studies
could be evaluated for the NOAEL/TOAEL.

Therefore, the developmental/offspring NOAEL was determined to be 1.0 mg/kg/day
(based on study RR0886) and the developmental/offspring LOAEL was 7.5 mg/kg/day
(based on both studies RR0886 and RR(0988) with the effect being increases in anditory
startle reflex habituation Vmax in PND 23 high dose males in both studies.

This study when combined with the accompanying study 1s classified Acceptable/mon-guideline
and may be used for regulatory purposes. 1t does satisfy the guideline requirement for a
developmental neurotoxicity study in rats [OPPTS 870.6300, §83-6; OECD 426 (draft)] pending
review of the positive control data.

15|



DATA EVALUATION RECORD

DICHLORVOS/084001

STUDY TYPE: DEVELOPMENTAL NEURQTOXICITY STUDY - RAT
[OPPTS 870.6300 (§83-6); OECD 426]

MRIDs 46153302 (Main Study), 46153301 (Preliminary)

Prepared for

Health Effects Division
Office of Pesticide Programs
U.S. Environmental Protection Agency
1921 Jefferson Davis Highway
Arlington, VA 22202

Prepared by

Toxicology and Hazard Assessment Group
Life Sciences Division
Oak Ridge National Laboratory
Oak Ridge, TN 37831
Task Crder No. 26-2004

Primary Reviewer:

Donna L. Fefee. D.V.M. Signature:
Date:
Secondary Reviewers:
Caro} §. Wood, Ph.D.,. D.AB.T. Signature:
‘ Date:

Robert H. Ross. M.S.. Group Leader

Signature:
Date:
Quality Assurance:
Lee Ann Wilson, M.A. Signature:
Date:

Disclaymer

This review may have been altered suhsequent to the contractor’s signatures above.

Oak Ridge Nationa) Laboratory managed and operated by UT-Bauelic. LLC., for the U.S. Department of Energy under
Contract No. DE-AC05-000R22725.



Developmental Neurotoxicity Study (2003) / Page 1 of 47

DICHLORVOS /084001 OPPTS B70.6300/ OECD 426

EPA Reviewer: William Dykstra, Ph.D. Signature ﬁ/_LﬂHW
Reregistration Branch 4, Health Effects Division (7509C) Date [[}Jfﬂg A

EPA Secondary Reviewer: Santhini Ramasamy, PhD, DABT, MPH Signature * ™ i ng . 27
Reregistration Branch 4, Health Effects Division (7509C) Date

EPA Work Assignment Manager: PV Shah, Ph.D. Signature: @/Z‘;ﬂ&’x\'

Toxicology Branch, Health Effects Division (7509C) Date L=z ] £

Templatc- version 11/01

TXR#:0053837

| DATA EVALUATIOI\ RECORD '

STUDY TYPE: Developmertal Neurotoxicity Study - Rat OPPTS 870. 6300 (§83-6); OECD
426 (draft)

PC CODE: 084001 DP BARCODE: D298913
SUBMISSION NO.: none provided

TEST MATERIAL (PURITY): Dichlorvos Technical Material (99.0% a.1.)
SYNONYMS: DDVP

CITATION: G. Milbum (2003) Dichlorvos: developmental neurotoxicity study in rats. Central
Toxicology Laboratory, Alderley Park. Macclesfield, Cheshire, UK. Laboratory
report number CTL/RRO886/Regulatory/Report. November 10, 2003. MRID
46153302, Unpublished.

G. Milburn (2003) Dichlorvos: preliminary developmental neurotoxicity study in
rats. Central Toxicology Laboratory, Alderley Park, Macclesfield, Cheshire, UK.
[.aboratory report number CTL/RR0O0885/Regulatory/Report, October 13, 2003.
MRID 46153301. Unpublished.

SPONSOR: Amvac Chemical Corporation.

EXECUTIVE SUMMARY:

In a developmental neurotoxicity study (2003, MRID 46153302, study RR0886) Dichlorvos
(99.0% a.i., batch #ST120700) was admunistered to 30 time-mated female Alpk: AP SD. (Wistar-
derived) rats per group by gavage in de-ionized water at dose levels of 0, 0.1, 1.0, or 7.5

mg/kg bw/day from gestation day (GD) 7 through postnatal day (PND) 7 and direct treatment of
the F, offspring was carried out during PND 8-22, inclusive. On PND 3, litters were culled to 8
pups (4/sex as closely as possible), and litters containing fewer than 7 pups and/or fewer than 3
pups of each sex were removed from the study. The dams were subjected to a functional
observational battery (FOB) on GDs 10 and 17 and on PNDs 2 and 9. The F, offspring were
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observed for attainment of preputial separation or vaginal patency. Animals were allocated from
within hitters for use in the following investigations: functiona) observational battery assessments
(PNDs 5, 12. 22, 36, 46, and ©61); locomotor activity assessment (PNDs 14, 18, 22, and 60);
auditory startlc habituation (PNDs 23 and 61), water maze tcsting (PND 24-27 or PND 59-62);
and post martemn investigations including brain weight, neuropathology, and morphometry
(PNDs 12 and 63). Dosing was based on a prelimninary developmental neurotoxicity study in rats
(MRID 46133301).

One high-dosc female was sacrificed on LD 3 due to clinical signs (pallor, piloerection, and
slightly hunched posture and thin appearance) and had a pale liver at necropsy. One mid-dose
fernale died on GD 24 due to parturition difficulties. There were no treatment-related effects on
maternal body weight, FOB parameters, or gestation length. The maternal NOAEL is 7.5
mg/kg/day. the highest dose tested. A maternal LOAEL was not established.

During LD 1-5, the control, low-, mid-, and high-dose groups, respectively, had pup mortality of
22.6.17.4, 175 and 28.1%, and there were total Iitter losses of 20.0, 10.0, 17.9, and 18.5% of
the litters in these same respective groups. Therce were 2 total litter resorptions in the high-dose
group. The number of litters available which were used for F1 offspning was 23, 21, 21, and 14
and the viabihity indices were 77.4, 82.6, 82.5, and 69.0% for the control, low, mid, and high
dose groups, respectively.

Due to the low number of pups available in the high dose group, it was necessary to combine this
study (RRO&86) with a repeat study (2004, MRID 46239801; study No. RR0988) consisting of
controls and a dose level of 7.5 mg/kg in order 1o have sufficient pups for all assessments.

The DNT Commuttee determined that the two DNT studies combined (RR0886 and RR(988) had
acceptable numbers of total pups examined m the controls and high dose groups (> 35 pups/sex
examined 1n combined studies) and, therefore, the developmental results of the combined studies
could be evaluated for the NOAEL/LOAEL. The classification of the studies taken together was
changed from unacceptable/non-guideline to Acceptable/non-guideline. A comparison of the
developmental findings showed that the auditory startle reflex habituation Vmax in PND 23 high
dose males in study RRO886 had statistically significant increases (37-49%) in 4 out of 5
blocks and study RRD988 had increases (7-13%), although not statistically significant, in this
same Vmax parameter in PND 23 high dose maies in 5 out of 5 blocks in comparison to controls
for each study.

Therefore, the developmental/offspring NOAEL was determined to be 1.0 mg/kg/day
(based on study RR0886) and the developmental/offspring LOAEL was 7.5 mg/kg/day
(based on both stndies RR0886 and RR0988) with the effect being increases in auditory
startle reflex habituation Vmax in PND 23 high dose males in both stadies.

This study when combined with the accompanying study is classified Acceptable/non-guideline
and may be used for regulatory purposes. It does satisfy the guideline requirement for a
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developmental neurotoxicity study in rats [OPPTS 870.6300, §83-6; OECD 426 (draft)] pending
review of the posttive control data.

COMPLIANCE: Signed and dated GLP, Quality Assurance, Data Confidentiality, and Flagging
staternents were provided for both studies.
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I. MATERIALS AND METHODS

A. MATERIALS:

1. Test Material:
Description:
Batch #:

Purity:

Compound Stability:

CAS # of TGAXL:

Structure:

Dichlorvos
technical matenal; clear, colorless fiquid

ST120700

99.0 % a i

stability not teported; expiration date of October 22, 2003
not reported

not available

2. Vehicle and/or positive control: The vehicle was de-1onized water. No positive contro] was

used in the current study.

3, Test animals (P):

Species:

Strain:

Age at study initiation:

Wit. at study initiation:

Source:

Housing:

Diet:
Water:

Environmental
conditions:

Acclimation period:

Rat

Alpk: AP SD. (Wistar-derived?

approximately 10-12 wks

221-287 ¢

Rodent Breeding Unit (RBL};. Alderley Park, Macciesfield, Cheshire, UK

P: Individuallv in solid plastic cages with sawdust bedding; loose paper balls were provided
as nesling materials (S1 Supphies. Hazel Grove, Cheshire).

F,: in sme sex groups of up 16 4 animals 1p wire mesh cages

powdered CT1 diet, ad iithitem

ad libuiar, not otherwise described

Temperature: 2243 °C

Humidity: 30-70%

Air changes: ol least 15/hr
Photoperiod: 12 hrs dark/[2 hrs light

Animals were supplied time-mated and arrived 6 days before dosing began

B. PROCEDURES AND STUDY DESIGN:

1. .In life dates: Start: December 10, 2002: End: November 6, 2003,

2. Study schedule: Time-mated females were assigned to treatment groups upon amval. The

test substance was administered o the maternal amimals from gestation day (GD) 7 through
postnatal day (PND) 7, where the day of buth was designated as PND | or lactation day (LD)
1. Litter standardizauion and selection of F, pups werc conducted on PND 5. The selected
pups were dosed on PNDs 8 through 22 and remained on study until PND 63 (study

termination}. The selecied pups were weaned on PND 29, at which time the matemnal
animals were killed and discarded.
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3. Mating procedure: Females were naturally mated while at the supplier. The day on which
spermatozoa were observed in a vaginal smear was designated as GD 1, and the females were
shipped to the testing facility on this same day. It is unknown whether males of the same
strain were used for mating.

4. Animal Assignment: Animal assignment is given in Table 1. Twenty ume-mated females
were supplied on cach of 6 days and assigned to dose groups using a randomized block
design to give a total of 30 replicates.

Offspring were selected for use as F, animals at the time of litter standardization on PND 5.
The offspring were allocated for use in neurobehavioral tests, brain weight determinations,
and neuropathological evaluations by using one male pup or one female pup/litter in most
cases; however, for some parameters one male pup and one female pup were selected from
some high-dose litters due 1o the small number of available litters in this group. The
functional observational battery, locomotor activity assessment, and PND 63 post mortem
investigations used the first male or first female per hitter; auditory startle habituation and
PND 12 post mortem investigations vsed the third male or third female per litter; the second
and fourth male and females of each titter were used in learning and memory.

Table 1. Study design.
Experimental Parameter ) Dose {mg/kg bw/day)
Q e.1 1.0 1.5
Maternal Animals
No. of maternal animals assigned 30 30 l 30 30
Offspring
FOB (PNDs 5,12, 22; 36, 46, and 61) . 11-12/sex ‘ 10-11/sex 8-13/sex [ 8- 10/sex
Motor activity (PNDs 14, 18, 22, and 60} 11-12/sex 7-11/sex 10/sex Tisex
Auditory startle habiteation (PNDs 23 and 61) 1 }/sex 10-1 1/sex 10/sex 5-7/sex
Learning and memory (PNDs 24-27 and 39-62) 21-23/s5ex 17-2/sex 18-21/sex 13/sex
Brain weight:
PNI» 12 (fixed weight) 11/sex 10/sex 10-11/sex 6-7/sex
PND 63 {wel weight) 11-12/sex 10-11/sex 10-11/sex 10-11/sex
Neuropatholegy and Morphometry:
I'ND 12 (immersion fixation) 11-12/5ex none none 6-7/sex
| E:g!! 43 QBEEE!EE'!!!E !159{!&2‘ 1.1 Msex RODE ] IOne. 1D-11/sex
Data taken from text table; p. 19, and wext, pp. 21-27. MRID 46453302,

3. Dose selection rationale: Dose levels were chosen based on the results of a preliminary
developmental neuroioxicity study with Dichlorves in the rat (MRID 46153302; see
Appendix) in which gavage administration of the tesl material at 7.5 mg/kg bw/day to
pregnant rats from GD 7 through PND 22 resulted in biologically significant decreases in

PR
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ervthrocyte (RBC) and whole brain acetylcholinesterase (AChE) activities in maternal
animals at GD 22 and at PND 22 and in [etuses of both sexes at GD 22. At 1.0

mg/kg bw/day, maternal animals had decreased RBC AChE activity at GD 22 and PND 22.
Plasma AChE activity was not measured. The study author mentioned body weight decreases
beginning on LD 11 in dams treated at 7.5 mg/kg bw/day, but these were of insufficient
magnitude to be considered biologically significant (just 3-4% less than controls). According
to the study report, in a repeat dose sensitivity study conducted at the same laboratory
(Laboratory report number CTL/KR 1490/Regulatory/Report), pre-weaning and young adult
rats had decreased RBC and brain AchE activities at doses of 7.5 and 15 mg/kg bw/day. No
further information about the repeat dose sensitivity study was avatlable to the reviewer.

6. Dosage administration: All doses were administered once daily by gavage in de-1onized
water at a dosing volume of 10 mL/kg bw/day, based on the most recent (daily) body weight
determination. Maternal animals were dosed from GD.7 through PND 7, and F, animals
were dosed on PNDs 8 through 22.

7. Dosage preparation and analysis:

The amount of the test material used was not adjusted to account for purity. Formulations
were prepared every 4-6 days by adding sufficient de-ionized water 10 a weighed amount of
test material to produce a high-dose stock selution, which was further dijuted to attain mid-
and low-dose formulations. Each batch of formulations was subdivided into aliquots for
daily dosing and stored at room temperature until use. The method used to rmux the
formulatons was not described, although the study report stated that the preparations were
shaken prior to dose admunistiation. Triplicate samples of low- and high-dose formulations
from a pre-study batch (prepared on December 4, 2002) and from the first batch used in the
study (prepared on December 12, 2002) were collecied for stability analysis. Triplicate or
duplicate samples of low-. mid-. and high-dose formulations from the first batch and from
two subsequent batches (January 6, 2003 February 7 and/or 12, 2003) were analyzed for
concentrition. Homogeneity analysis was not done.

Results: Concentration Analysis: The study report stated that “‘re-analysis” was conducted
on February 12 due to vaniability between the resulis from triplicate samples taken on
February 7. However, it was unclear whether the imitial samples were re-analyzed or
whether additional samples were taken from a batch prepared on the later date; only the
data {from February 12 were reporied. Absence of the test material was confirmed in the
vehicle contro] formulations. Mean concentrations of the low-, mid-, and high-dose
formulations were 116.0-125.0% . 105.0-112.0%, and 98.0-105.6% of nominal,
respectivelv.

Stability Analysis: After 2, 5, and 8 days at room temperature, mean concentrations of
the pre-study fow-dose formulation were $3.3%, 108.6%, and 103.8% of initial,
respectively. and the mean concentrations of the pre-study high-dose formulation were
92.6%, Y0.3%, and 85.1% of initial, respectively. After 5 days al room temperature, the
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mean concentrations of the low- and high-dose formulations from the first batch were
93.2% of initial and 94.2% of initial. respectively.

The analytical data indicated that the mixing procedure was adequate and that the difference
betweern nominal and actual dosage to the study animals was acceptable.
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C.

1.

a.

OBSERVATIONS:

In-life observations:

Maternal animals: Twice daily cage-side observations were conducted each morming and
towards the end of each working day. Detailed clinical observations and body weights were
recorded upon arrival, daily (immediately prior to dosing) during GD 7 through PND 7, and
on PNDs 15, 22, and 28 (termination).

All matermnal animals were subjected to a functional observational battery on GDs 10 and 17,
and on PNDs 2 and 9. The examinations were conducted in the home cage and in a standard
(open) arena by an individual who was unaware of each animal’s treatment group and
included evaluation of the parameters indicated (X) below. The testing procedure and
scoring criteria were not described, but all observations were scored as “no abnormalities
detected. slight, present, or left/right/bilateral.” '

FUNCTIONAL OBSERVATIONS

v

Signs of autonomic function, including:
1) Lacrimation or salivation
2} Piloerection or endophthalmus/exophthalmus,
3) Urine staining or diarthea
4) Pupillary response to light: miosis/mydrasis
5) Degrer of palpebral closure, 1.e. ptosis.

Descriprion. incidence, and severity of any convulsions, tremors, or abnormal movements in the home cage and
standard (open) arena.

Reactivity 1o general stimuli, including response to approach and ouch.

Arousaj levelValermess.

Descripuon and incidence of posture and gait abnormalities.

Description and incidence of any unusual or abnormal behavior, excessive or repetitive action (Stereotypies),
emaciation. dehvdration, hypotonia or hypertonia, ajtcred fur appearance, red or crusty deposits around the
eyes, nuse. o1 mouth, and any other observations that may facilitate interpretation of the data.

b

According to the study protocol, on treatment days the testing was done prior to dosing;
however, this information was not included in the “experimental procedures” section of the
study report. There was no description of the environmental conditions (e.g., noise level,
etc. ) dunng testing, and the study report did not specify the duration of the observation period
in the open field or mention whether the same technicians were used throughout testing.

Offspring:
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1) Litter observations: The day of completion of parturition was designated as PND or LD 1.
The sex. weight, and clinical condition of each pup was recorded on PNDs 1 and 5, and litters
were checked daily throughout lactation for dead, moribund, or “abnormal” pups.

On PND 5. litters were standardized 1o a maximum of 8 pups/litier (a randomly selected
4/sex/litter. as nearly as possible), and litters with 7-8 pups and at least 3 pups of each sex
remained on study as the F, generation. The excess pups were killed and discarded.

The F, litters remained with their dams until PND 29. Individual body weight and detailed
clinical observations were recorded on PND 5, daily during PNDs 8-22 (immediately prior to
dosing). and on PND 29.

2) Postweaning observations: After weaning on postnatal day 29, offspring were examined
daily for mortality or clinical signs. Individual body weights and detailed clinical
observations were recorded on PNDs 36, 43, 50, 57, and 63 (prior to termination).

3) Developmental landmarks: Beginning on PND 29, female offspring were examined daily
for vaginal patency, and beginning on PND 36, male offspring were examined daily for
balanopreputial separation. The age and body weight at the time of onset were recorded for
gach animal.

4) Neurobehavioral evaluations:

a) Functional ebservational battery (FOB): Seilected I, offspring were subjected to a
functional observational battery on PNDs 5, 12,22, 36, 46, and 61. The examinations were
conducted in the home cage and in a standard (open) arena by an individual who was
unaware of cach animal’s treatment group. On treatment days the testing was done prior to
dosing. The FOB for offspring assessed the same parameters as the maternal FOB, and the
observations were scored in the same manner as well, t.e. the severity scares included no
abnommalities detected, slight, present, or left/right/bilateral. There was no adjustment of the
FOB to account for developmental age. There was no description of the environmental
conditions (c.g., noise level, etc.) during testing; the duration of the observation period for
open field observations was not specified; and there was no mention of whether the same
technicians were used throughout testing.

In general, one male or one female was selected from each litter; however, in order to ensure
that at least 10 animals per sex were examined. it was necessary to select one male and one
female from some high-dose litters. Many of the same offspring were evaluated at each time
point. Some. but not all, of the mstances when this did not occur appeared to be a later
assignment of an additional animal as a substitute for one that had died. The other instances
included the following: one low-dose female was evaluated only on PNDs 12 and 61; three
mid-dose males were evaluated on PNDs 12, 22, 36. and 61, but not on PNDs 5 and 46; three
mid-dose males were evaluated only on PND 46; one high-dose male and one high-dose
female were evaluated only on PND 46; one high-dose female was evaluated on PNDs 12,
22,36, 46 and 61 but not on PND 5; one high-dose female was only evatuated on PND 12;
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b)

c)

d)

and one high-dose female was evaluated on PNDs 12, 36, 46, and 61, but not on PND 5 or
22, '

Motor activity testing: Motor activity was evaluated in one male or one female per litter on

PNDs (4, 18. 22, and 60. An automated activity recording apparatus was used to record large
and small movements over the course of a 50-minute session, comprised of ten 5-minute
scans. The same animals were evaluated at each tume point, except for one low-dose male
that wasn't assigned until PND 18, and there was no replacement of animnals that died
between time points. On treatment days (PND 14, 18, and 22). the testing was done prior to
dosing. The study report stated that the treaument groups were counterbalanced across the
cage numbers of the activity monitors and that the assessments were done in a separate room
in order to minimize environmental distraction. During each session (or run), up to 16 cages
were monitored, and each animal was tested in the same monitoring device across test
sessions. Replicates were not used because there were.enough devices available to conduct a
single run on each date when the testing was done. A description (or make and model
number) of the monitoring devices was not provided.

Auditory startle reflex habituation: Auditory startle reflex habituation testing was
performed an one male or one female per litter on PNDs 23 and 61, using an automated
systern. On each day of testing, there were two sessions comprised of 5 blocks of 10 trials.
Up to B animals were evaluated during each session, and each animal was tested in the same
chamber and at the same time (scssion 1 or 2) across testing days. The study report did not
state whether treatment groups were counterbalanced across chamber numbers and session
times, but this uppeared to be the case. There was no description of the equipment used,
environmental conditions, length (msec) and intensity (dB) of sound, or the length of the
interval between trials.

Learning and memory testing: Water maze iesting was performed on PNDs 24-27 and on
PNDs 59-62 to evaluate associauve leamning and memary. Separate groups of one
animal/sex/litter were tested at each interval, and each ammal was tested twice, with 2 days
between test sessions. Testing equipment included a straight channel “maze,”and a Y-shaped
maze with one escape ladder. Each session was comprised of 6 trials in the Y-shaped maze
followed by a single tial in the straight channel 10 evaluate swim speed. The amount of time
required for the animal to find rhe ladder was recorded for each tral.

The critenon for a successful trial was a time less than a given cut-off vaiue, and the
{ollowing cut-off values were used: 3,4, 5.6, 7, 8. 9, and 10 seconds; and multiples of 1.0,
1.5, and 2.0 toes the individua! animal’s straight-channel time. For each individual, the
percentage of trials meeting a specific cniterion was calculated and used to determine the
group mean for that critenon.

Leaming was assessed by comparing the swim times for Trials 1 and 6 on the first day of
testing. and memory was assessed by comparing the swim time for Trial 1 on the second day
of testing to the swim time for Trial | on the first day.
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The inter-tnial interval was not reported and there was no further description of the equipment
ot envirommental conditions (hghting, water temperature and depth, background noise, etc.).

5) Cholinesterase determination: Biomarker data were not collected from offspring in the
main study.
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2.

a.

Postmoriem observations:

Maternal animals: Females that failed to hitter were sacrificed on nominal GD 25 by
halothane vapor overdose with subsequent exsanguination and subjected to a gross necropsy
which included examination for pregnancy status. Animals showing signs of moribundity
and/or dystocia and some (but not ail) of the females with total litter losses were sacrificed
and examined in the same manner as the females that failed to litter; animals that were found
dead were also subjected to gross necropsy. Dams with litters not selected as F, animals on
PND 5 and most of the females with total litter losses were sacrificed by an unspecified
method and discarded without examination. Maternal animals of the selected F, litters were
sacrificed by carbon dioxide asphyxiation on PND 29 and discarded without examination.
No tissues were retained or processed for histopathological examination.

Offspring: On PND 5, the excess pups (1.e. those culled during litter standardization and
litters not selected as F, animals) were killed by an unspecified method and discarded without
examination. Offspring that were found dead during the dosing interval (PND 8-22) were
subjected to gross necropsy. Offspring that died or were killed for humane reasons pnor to
PND 8 or after PND 22 generally were discarded without examination, but “a small number”
of the offspring that died were examined to determine a cause of death. No tissues were
retained from these animais.

The offspring selected for brain weight and/or neuropathological evaluation were sacrificed
on PND 12 or on PND 63 and subjected to postmortem examinatons as described below.

On postnatal day 12, 6-11 pups/sex/group (one male or one female per litter) were
sacrificed bv carbon dioxide exposure, and the brains from these animals were immediately
exposed and immersion fixed in 10% neutral buffered formol for at least 24 hours. Fixed
whole brain and cerebellar weight were recorded, and brain from the control and high-dose
pups was processed tn the following manner. The cerebellum was cut sagitally at midline to
make 2 blocks (20 and 21) and the remainder of the brain was cut into 5 blocks by making
transverse cuts at the following anatomic landmarks: the rostral edge of the olfactory bulb
(level 1); the caudai edge of the olfactory bulb (ievel 2); the rostral edge of the median
eminence (level 3); the caudal edge of the cerebral hemispheres (level 6): and the midpoint of
the remarming brain stem. The blocks were embedded in paraffin with the rostral or medial
face down (as appropriate), sectioned, stained with hematoxylin and eosin, and examined
using light micrascropy. ’

An 1mage analysis system (KS400) was used to make the morphometric measurements given
in Table 2. The system used a {ight box. macro lens, and video camera, calibrated by means
of a graticule. (0 take the measurements on levels 2-5 of the cerebrum/brainstem and to
measure the height and Jength of the section of the cerebellum. The rest of the cerebellum
measurements were made using a light microscope, calibrated by means of a stage
micrometer. Measurements of width. length, and height were made over the maximum
dimension of the indicated structure, and dorsal cortex measurements were made at right
angles to a tangential line at the surface of the brain and extended from the meningeal surface
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to the inner edge of the pyrarnidal cells adjacent to the white matter of the external capsule.
Bilateral features on the cerebrum/brainstem sections were measured on both the left and
right sides unless one side was oblique or fajled 10 show the feature in question for some
other reason. The cerebellum was measured on one of the two slides, i.e. the one that
provided the best sagittal section. In some cases, it was not possible to cut an adequate
section for one of the levels.

The image analysis systemn was also used to measure the length of the Purkinje cell layer on
lobule 8 of the cerebellum adjacent to the prepyramidal fissure. The number of Purkinje cell
bodies in lobule 8 were counted and expressed as a functon of the length of lobule 8.
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Table 2. Brain morphometry.
Brain Region Parameter Descriptio::m and [Number}
Frontal Cortex Height n2al
Width [2B)
Dorsai Cortex Thickness on Leve} 3 at most dorsal point of external capsule, parallel to nidsagittal [3A]
fine
Thickness on Level 3 along a line drawn at ~45°from the midsagittal plane [3B]
Thickness on Level 4 along a hine drawn at 90°to the surface and through the medial [4A)
tip of the dentate gyrus
Thickness on Level 5. measured in the sarne manner as 4A (imrpediately above) [5A]
Piriform Cortex Thickness on Level 3 at midpoint between rhinal and amygdajoid fissures [3C)
Thickness on Level 4 at midpoint berween rhinal and amygdaloid fissures [4B]
Thickness an Level 5 at midpoint between rbinal and amygdaioid fissures [5B]
Hippocampus Length from mudiine 1o outer edge of mast lateral pyramdal cetls on Level 3 [3D]
Length from midline o outer edge of most Iateral pyramidal cells on Leve] 4 14G)
Width on Leve} 5 from inner zone of dentate gyrus 1o outer edge of CA2® {5E}
Dentate gyrus:  Width on Levei 4 at level of most medial part of lower inmb of {4H]
CA3:®
Length on Level 4, measured parallel i a dorsal (thorizontal) 41
plane
Width at widest point on Level 5 ' [5D)
Corpus Callosum | Thickness ar midline on Level 4 {4C]
Thalamus Height at midiine on Level 4 ) : [4D]
Width at widest point on Level 4 14E]
Width at widest point on Level 3 [5C)
Thalamus/Cortex | Overall width at the widest point of Level 4 [4F]
Cerebellum Height [8H]
Length {81}
Preculminate Fissure:  Thickness of molecular layer [BPCFM]
Thickness of outer granular layer® [BPCFO)
Thickness of inper granular layer [8PCFT]
Prepyramidat Fissure: Thickness of molecular layer [8PPFM]
Thickness of outer granular layer [BPPFO]
Thickness of wmner granular laver [8PPFI)

Data taken from Appendix F. pp. 220-225, MRID 46153302,
* CA2 = Comu Ammonss 2, and CA3 = Cornu Ammonis 3.
* Measured only in pups killed on PND 12; not found in adult rats.
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On postnatal day 63, at lcast 10 amimals/sex/group were deeply anesthetized via
intraperitonea) sodiurn pentobarbitone and euthanized by perfusion fixation with a volume of
formol saline approximately equivalent to the animal’s body weight. Brains were
immediately removed, whole brain and cerebellar weights were recorded, and the central and
peripheral nervous tissues indicated below (X) were collected and preserved in an
unspecified “appropriate” fixative. The tissues from the control and high-dose animals were
processed in the following manner and examined. The cerebellum was cut sagittally at
midline to make 2 blocks (levels 20 and 21), and the remainder of the brain (cerebrum and
brain stem) was cut into 6 blocks by making transverse cuts at the following anatomic
landmarks: the rostral edge of the olfactory bulb {ievel 1); the caudal edge of the olfactory
bulb (level 2}, the rostral edge of the median eminence (level 3); the caudal edge of the
median eminence (level 5). the caudal edge of the cerebral hemispheres (level 6); and the
midpoint of the remaining brain stem. The blocks were embedded in paraffin with the rostral
or medial face down (as appropnate), sectioned, and stained with hematoxylin and eosin, and
the spinal cord scerions (including spinal nerve roots and dorsal root ganglia), eyes, and
muscle sections were processed in the same manner. The peripheral nerve tissues were
embedded in resin, sectioned in a “semi-thin” manner. and stained with toluidine blue.
Detailed morphometric evaluations and enumeration of Purkinje cell bodies in lobule § of the
cerebellum were conducted tn the same manner as for pups killed on PND 12,

i X CENTRAL NERVOUS SYSTEM X PERIPHERAL NERVOUS SYSTEM
BRAIN PERIPHERAL NERVES
[transverse and jongitudinal sections)
Cerebrum and bramstem (transverse sections) X ¥ Proximal sciatic nerve *
Cerebellum {sagittal sections) X Proximal tibial nerve *

X Distal tibial nerve (calf muscle branches) *

SPINAL CORD OTHER
[ransverse and longitudinal sections)

Cervical swelling X 31 Evye {with optic nerve and retina) *
Lumbar swelling Gasuocnemius muscie (ransverse sections) *
Spinal nerve roots at cervical swelling b
Spinal nerve roots at jumbar swelling ®

Dorsal root ganghia at cervical swelling ®

Mo M %

Daorsal root ganglia at lumbar swelling

Data taken from pp. 26-27, MRID 461353302.
*Right and lef: preserved; left processed for examination.
® Spinal nerve roots and dorsal root ganglia were inctuded i transverse sections of the spinal cord.

In addition, at least 10 animals/sex/group were sacrificed on PND 63 by carbon dioxide
exposure, and the brains from these animals were immediately removed, weighed (whole
brain and removed cerebellum?, and stored in an unspecified fixative.
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No qualitative or quantitative evaluation of brain {rom pups or adult offspring of the low- and
mid-dose groups was conducted.

. DATA ANALYSIS:

Statistical apalyses: Maternal body weight during gestation and during lactation were
analyzed using analysis of covariance (ANCOVA with GD 7 body weight and LD 1 body
weight, respectively as covanants. Maternal body weight on LD 1 was analyzed using an
analysis of vanance (ANOVA), and maternal body weight on GDs 1 and 7 apparently was
not analvzed statistically.

Offspnng body weight was evaluated on a litier basis. ANCOVA was used to analyze the
mean pup weight on PND 5 pre-cull and to analyze the mean weight of the selected F,
offspring during PNDs 8-63. The mean body weight an PND 1 and on PND 5 post cull were
respectively used as covariants, and both were anaiyzed used ANOVA.

The following data were analyzed using ANOV A gestation length; litter size; total litter
weight on PNDs 1 and 5; motor activity measurements; max amphtude and time to maximum
amplitude in startle response tests: (litter based) time to preputial separation or vaginal
opening. (hitter based) body weight at preputial separation or vaginal opening; brain
morphometry data: and the number of Purkinje cell bodies per mm.

Whole brain and cerebellum weights were analyzed vsing ANOV A and using ANCOV A
with final body weight as the covanate. Brain to body weight ratie was not analyzed
statisticatly.

The foliowing parameters were analyzed using Fisher’s Exact Test: the proportion of litters
with gestaiion length less than. egual to, and greater than 22 days; the proportion of whole
litter loss 1n each group: and the proportion of males and females with observed
developrnental landmarks (preputial separation: and vaginal opening) on each day.

Data pertaiming to live born pups, pup survival pre- and post-cull, and pup sex were evaluated
as follows: 1) mean percentages were analyzed using ANOVA following the double arcsine
transformation of Freeman and Tukey: 2) the proportion of pups born alive, the proportion of
pups surviving, the proportion of litters with all pups born alive, the proportion of litters with
all pups surviving and the propornion of maic pups were analyzed using Fisher's Exact Test.

Data from the water maze testing were analyzed as follows: {) mean swimming times in the
straight channel and for each individual trial in the Y-maze were analyzed using ANOVA;
2) mean percentages of successful trials at each cut-off value were analyzed using ANOVA
following the double arcsine trunsformation of Freeman and Tukey.

All statstical tests were two-sided and used significance levels of p<0.05 and p<0.01.

Indices:



) Developmental Neurotoxicity Study (2003) / Page 17 of 47
DICHLORVDS/ 084002 OPPTS B870.6300/ OECD 426

a. Reproductive indices: No reproductive indices were calculated.

b, Offspring viability indices: The following viability (survival) indices were calculated by
the reviewer from laclation records of hitters in the study:

Live Birth Index (%) = (Number of pups born alive/Total number of pups born)x100.

Viability Index (%) = (Number of pups alive on LD 5/Number of pups bom alive)x100,
“calculated both including and excluding htters with total litter losses.

3. Positive and historical control data: Historical control data were provided for the
incidences of minimal and slight demyelination of the proximal sciatic, proximal tibial, and
distal tibial nerves. The data came from 4 studies conducted during October 2001 through
July 2002. No forther information was provided concerning the materials, methods, and
personne! used in those studies.

No positive control data were provided. However, the following citations for previously
conducted positive control and/or methodology vahidation studies were included in the
“References’” section of the study report (p. 36, MRID 46153302):

» Allen, S. (1993) Measurenment of motor activity in rat pups. CTL Report No.
CTL/P/4155. MRID 44064701,

* Allen, 5. (1994) Assessment of leamming and memory in rats. CTL Report No.
CTL/P/4257. MRID 44064702.

* Allen, S. (1996) Trimethylun chlonide: investigation of neurotoxicity in rat pups using
morphometncs and starile response. MRID 44064703,

* Allen. §. (1995) Developmental neurotoxicity study in the rat using dietary restriction.
CTL Report No. CTL/P/4383. MRID 44064705.

+ Chivers, 5. (2003) Motor activity: positive control study in rat pups. CTL Report No.
CTL/WRO475/Regulatory/Report.

*  Milburn, G. (2003) Dizocilpine and mecamylamine: positive control water maze study in
rats. CTL Report No. CTL/WR0442/Regulatory/Report.
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I1. RESULTS:

A. PARENTAL ANIMALS:

1. Mortality and clinical and functional observations: One high-dose female was sacrificed
on LD 3 due to clinical signs of discharge from the left eye, pallor, piloerection, and slightly
hunched posture and thin appearance. One mid-dose female died on GD 24 due to parturition
difficulties.

No abnormal FOB findings were recorded on GD 10, GD 17, or LD 9. The following
abnormal FOB findings were recorded on LD 2: chromodacryorrhea (graded as “bilateral™) in
one high-dose female; paleness (graded as “present”) in one mid-dose female; piloerection
(graded as “'slight™) in one low-dose and one mid-dose female; and thinness (graded as
“slight™) in 2 low-dose females. All of these observations were of 1-3 days duration and
resolved by LD 4. These findings were not considered treatment-related because each was
only present in one or two animals, and there was no evidence of a dose response.

2. Body weight: Selected group mean body weight data for pregnant or nursing dams are given
in Table 3. Mean body weight and body weight gain of the treated dams were similar o
those of controis throughout gestation and lactation.
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Table 3. Maiernal body weight *

]

Dose (mg/kg bwiday)
Observations/study day Control o1 1.0 75 _H
Gesiation N = 30, 30, 29; and 27 danss} ‘h
Mean body weight (g):
GDI1 256.9£15.8 257.1x18.4 257.4+18.4 257.9216.8
GD 7 202.6x14.2 291.5+17.5 289.0¥15.8 292.5x18.4 |
GD 14 330.7115.2 330.5x19.7 325.5215.7 328.6:20.3
GD 22 395.9£22.4 394.1225.0 393.0+21.3 402.0+28.9
Weight gam (g1 ™ “b
GD 1-7 357 344 31.6 34.6
GD 7-14 38.1 39 36.5 361
GD 14-22 65.2 63.6 67.5 734
Lactation ﬁ
Mean body weight (1)
LD1 N=1724,27.222Y] 29952226 298.3:33.0 2902+194 309.4+30.9
b7 [N=23,21.20, 13} 313.72203 310.0:21.8 312.3x19.6 321.8x229
LD 15 IN=23,212013) 348327215 2435197 3472+164 363.3x%24.7
LD 22 [N=23,21,20, 13] 355.7x16.0 354.0=173 353.6x16.8 367.5x14.6
LD 29 {N=23,20,20, 13} 345321635 34412197 337.1x£21.5 347.5+12.6
Weight gain (g
LD 1.7 4.2 157 ‘ 13.1 124
LD 7-15 34.0 33.5 349 41.5
1D 15-22 7.4 10.5 6.4 4.2
LD 22-20 -10.4 =129 «]6..5 -20

Data taken from Tables 4 and 5, pp. 72-74 and 75-76, respectively, MRID 46153302.
* Mean body weight values are given as Mean * Standard Deviation, with grovp sizes as indicated.
* Caleulated by reviewer using group mean body weight vatues: not analyzed statisticaly.

3. Reproductive performance: The reproduciive performance of the F, females is summarized

in Table 4. There was no treatment-related effect on gestation length. Two low-dose dams
hittered on GD 23, one mid-dose female was found dead due to dystocia on GD 24, and the
remaining dams delivered on GD 22. One mid-dose female had a litter of 14 dead pups (and

none live}, and two high-dose females had total litter resorptions.
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Table 4. Reproductive performance.
Dose (mg/kg bw/day}

Observation Control 0.1 1.0 7.5 J'l
Number maied 30 30 3D 30
Number pregnant (%) 30(100%) | 30(100%) | 29(96.7%) | 29(96.7%) l
Incidence of dysincia 0 0 [ 0
Total litter resorptions 0 0 0 2
Latters born dead 0 0 ! 0
Number of fitters with live pups on LD 1 30 30 27 27
Intercurrent death or moribund sacrifice 0 0 0 1
Mean {+SD; gestation duration {days) 22.0:0.0 22.120.3 220400 22.0+0.0

Data taken from 1ext and text table, p. 29, Table 6 {p. 77), Appendix 4 (p. 772), and Appendix 5 (pp. 776-786), MRID

46153302,

4. Maternal postmortem results: Ten F, females were necropsied. These included the mid-

dose female that died from dystocia, the high-dose female that was sacrificed moribund, four
females that failed to litter by GD 25 (1 mid- and 3 high-dose females), and four dams with
total litter losses (2, 1, and 1 {rom the low-, mid-, and high-dose groups, respectively). A
pale liver was noted in the female that was sacrificed moribund. The female that died due to
dystocia had one dead fetus in the vagina and other dead fetuses in the uterine homs, with no -
abnormahuies detected in other tissues. Recorded observations from the 8 remaining animals
were imited 10 counts of implantation sites 2nd/or dead fetuses in uterine horns or a
statement that implantation sites were absent. The results from one animal included a
statement that no abnormalities were detected in other tissues, and it 1s unclear whether any

other organs or tissues were examined in the remaining 7 animals.

1. Viability and clinical signs: Litter size and viability (survival) are summarized in Table 5.
In all groups, including contrals, there were inordinate numbers of pup deaths and total litter
losses between LD 1-5; these lindings were considered incidental to treatment. During LD 5-
22. the namber of pups found dead (with or without cannibalization) or missing/presumed
dead in ali treated and control groups remained high. Other clinical observations included
such findings as hypothermia, pale pups. damaged tails, and injured limbs, and none appeared

dose- or ircaiment-related.
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Table §, Litter size and viability
Dose (mp/kg bw/day)
Observation Control 0.1 1.0 75 |
Total number born ’ 368 371 354 340 I
Number born alive 363 367 333 330
Number born dead b 4 23 10 q
Number alive L) 5, pre-cull 281 303 273 228
Number alive LD 3. post-cull F, Males: o1 83 83 36
%, Females: 93 84 84 56 h
Totat F, animals: 184 167 167 112
Deaths [Nurber of pups] LD 1-5: *? 82 R 58 89
Deaths {Number of F, offspring ] LD 5-22:°
Males: 4 7 7 1§ H
Females: 9 5 4 2
Combined: 9 12 11 13
Mean fitter size (D1 | 120223 | 120226 12,0422 12,1230
I.D 5 {pre-cull) 117226 11243 11922 10.9+3.8
Sex Rario (% maler: LD 1: 3K.8 47.4 45.6 497
LDS | 498 49.2 462 50.4
Live hirth mdex (% * 98.6 95.9 93.5 57.1
Viability index (%} *°° 774 B2.6 82.5 69.0
T
Litter disposition: Number with live pups on LD | t 30 ’ 3D 27 27
Total Litter Losses LD 1-5 L & 3 ; 5f 5
Number lost 1o matemal sacrifice § ] 0 0 ~ l
Number used as F, offspring ) 3 23 21 21 14
Number klled LD 3 {unsuitable as F\] i___M‘— i 6 2 7

Data taken fro m Tables 7.9, 10, 11, 14, and 15, pp. 78. 8D, 31-82, B3, 86, and 87-93, respectively, MRID 46153302,

* Calculuted by reviewer.

* Excludes data from brer of high-dese dam sacrificed moribund.

‘ Values given as Mean = Standard Deviation, with N =24, 27. 23, and 22 on LD 1. and N = 24, 27, 23, and 21 an LD S:
data excluded from litters with otal litter losses.

¢ Live Binh Index (%) = (Namber of pups born alive/Total number of pups born)x100: caleutated by reviewer.

© Viability Index (%1 = (Number of pups alive on LD 3/Number of pups borm alive)x 100: calculated by reviewer.

" Inciudes one md-dese littes that was horn dead.

2. Body weight: Pre- and post-weaning of(sprng body weight data are summarized in Tables 6
and 7. There were no adverse treatment-related effects on offspring body weight during or
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after lactation. Small but statstically significant increases in body weight of high-dose males
and females were not considered toxicologicalty relevant.

Table 6. Pre-weaning offspring body weight daia (g) * ﬁ”
Parameter/Postnatal Day or Interval Dose (mg/kg bw/day} [‘
Control 0.1 1.0 7.5
Males
Mesn bosy weight PND 1 (N<30.30.21.271 | 5 sos06  leis0s
| PDspoly N2 ) R N Wi [soas
PNT)wA cn\l\ ' IN=23,21.21,14] §9.4=1.1  9.4%1.2 9.5x1.1 G.8+1.1
P { 221|252 237226 | 24227
A }; NDI" Unajjuszed.md [ Adjusted] " } 3512 8 35.423.4 36.823.5 38.0+3.9
(OO s O O O I LA Ecisdincts
PND 27 Unadjusted and [Adjusted] [| 51238 516238 33.224.1 35.4+4.8
[54.9 ** (107))
BW Gan . PR A el A2

PND 3 {post-cull) lhrough PND 43.6 (109}

Mean body weight: PND ) [N=30. 30, 27.26] & 5.6+0.6
' PND s {Vpre-cull}. (=24,27,23,19] [ 0.1= 93+1.2
- PJ‘:I-D 5'{;)u.~‘,t¢cuii) 93x1.1 V
.,PNDLZ [OOSR | HUBIIDSIURSN RORSIURUNS SO I 2 35_{,2 ..............
PND {7 Unadjusted und [Adjusted] 11 2 3309+27 36.5+2.9
e A j2 [Re27 00
T PND 22 Unadjusted and {Adjusted] 49 7+3 6 533234
[50.1] [32.9 ** (106))
BWGan L IND I preeul B S S 1o U . |
PND 5 ¢post-culh thmugh PN 22 B 407 409 42.3 44.0 )

Data taken frorn Tables 12 and 16, pp. §4 and 124-129. respectively, MRID 46153302.

¥ Values are given as Mean * Standard Deviation. calculated on a itter basis. Group sizes { N1 are indicated each time
there 18 & change in number.

" Data were analvzed using ANCOV A, with post-cul) PN S body weight as the covariate. Covariate-adjusted means
are provided whea stanstcal significanee was Jound.

¢ Numbers in parenitheses equal percenr of contral; calcuiated by reviewer.

¢ Calculated by reviewer using group mean body weight vafues: not analyzed satisticalty.

Significantly different from control: * p<0,05: *7 p<0.0!.
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Table 7. Post-weaning offspring body weight data (g)*
Parameter/Postnatal Day or Interval f Dose (mg/kg bw/day) |
Conirol .0 1.0 7.5 I
Males I
Mean body weight
PND 20 Unadjusted and { Adjusted]” 912262 92.0+5.1 82.9x7.0 | 96,327.1 . "
CIETIN =T LT LS,
’ PND "b 1 nadjuslen and [Adjusted] 143.420.5 141.9+7.9 146.5+0.6 151.5+11.8
R U led) | 11503 T A05)
o PND 30 o 253.5x16.7 | 253.4x13.6 | 2594+16.3 | 265.7x17.6
PND m 34422221 1 34422182 { 352.7+24.1 | 350.6223.00
BW Gain ¥ PND 20.63 . 2330 25272 -1 259.8 263.3
Females
Mean body weight )
o T2 N L e L
PND 36 Unadjusted and [Adju'ilf.’d] 1125.927.5 125.8+7.2 130.2+7.5 132.127.7
| ;’llé.lj {126.5] [1298] "[131 3= (104)]
187 4+ll 6 187.7+7.8
£2§0.7t17.2 2150157 | 219.8x13.6 | 219.8x7.3 -
BW Gain & PIND 29-63 . 1251 130.3 1325 130.1

Data wuken from Table 16, pp. 124-129, respectively, MRID 46153302,

* Vahes are given as Mean = Standard Deviation; calcnlated on a hiter basis with N=23, 21, 21, and 14 for control,
low-, mid-. and high-dose groups, respectively.

“Data were analyzed using ANCOVA. with post-call PND S hody weight as the covariate. Covanam-ad}usted means
are provided when statistical significance was found.

¢ Numbers 1n parentheses equad percent of control: calcuiated by reviewer.

¢ Calculated by teviewer using group mean body weight values: not analyzed statistically.

Significantly different from control: * p<.035, ** p<0.01L.

3. Developmental landmarks:

a) Sexual maturation: Data pertaining to offspring sexual maturation are reported in Table 8.
There were no hiologically relevant effects.




Developmantal Neurotoxicity Study (2003) / Page 22 of 47

DICHLORVOS/084Dp01 OPPTS 870.630D/ OEBCD 426
Table 8. Mean age and body weight at sexual maturation *
Dose (me/ke bw/day)
Parameter Control 0.1 1.0 15
N (M/F) 2323 2172} 21/2] 14/14
Preputial separation (males)
Apge (days: 44.60x1.4 444211 439212 43.8+1.2
Body weight (g} 208.7=12.3 207.3+10.6 208.0+14.0 213.2x11.6
Vaginal opentng (females)
Age (davs) 36.8=i 4 372213 37.0£1.3 37222
Body weight (g) {29.Gx11.3 1311204 134,6x10,0 137821209 *
- (1063

Data taken frorn Tuble 17, pp. 130-131, MRID 46153302,
* Values are given as Mean + Standard Deviation, with group sizes [N] as indicated,
Significantly ditferert from control: p<0.09: p<0.0j.

4. Behavioral assessments:

a) Functional ohservational battery: No treaument-reiated findings were seen during FOB
testing of the T, animals. Exophthalmos was noted (unitaterally) in 1/13 mid-dose females at
PND 46. A'l other FOB observations at all other time points were scored as “no
abnormalites detected.” \
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b) Motor activity: The motor act:vity data are reported in Tables G (total activity counts) and
10a and 10b (sub-session data from males and femnales, respectively). Total activity counts
generally increased with increasing age. and no significant differences were found between
the total activity counts of the treated and control groups of either sex on any testing day.
Statistically significant differences were noted sporadically for individual sub-sessions, but
no dose- or ume-related pattern was evident. It should be noted that habituation was not
evident for any group on any day, including controls, and the sub-session counts were highly
variable between successive intervals within sessions.

Table 9. Motor activity data: total activity counts for session *
Dose {(mg/kg bwiday)
Test Day
Control 9.1 1.0 7.5
) Males

PFND 14 [N=[2, 10,10.7] 192.3:126.7 267.2+189.7 160.1+146.5 164.7+169.0

PND 1B (N=12.1}.10.5] 241.8x129.1 192.2+1254 135.7+111.6 24]1.2+2283

PND 22  [N=12.11,9,5} 43592144 3 38459104 3 363.8x1524 386.6+149.1

PND 60 {n=12,11.9,5) 430421172 488.8+1547 467.8x119.3 391.0+123.5

Fermmales | «

PND 14 [N=11.7.10,7] 223.3+1109 166.0=181.1 256.8+166.3 213.6x19C.1

PND 18  |N=11.7.10.7] 337.7+146.3 1999+172 3 104.7+91.2 201.3x£105.3

PND 22 [N=11.7.10.7) 310 1+144.8 320.0£100.6 341.0+1383 386.6+88.8
LEND 60 [N=i1.7.10. T} 358.4%121.3 877.7x109.8 641.2+80.7 . 578.7£92.6

" Datwa taken from Lable ) 8. pp. 132-. MRID 46153302,
* Vatues grven os Mean = Standard Deviation, with group sizes [N} as indicated.
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DICHLORVOS/084001
Table 16a. Motor activity sub-session data from males (activity counts/sub-session) * |
Test Day/Sub-session Dose (mg/kg bw/day) H
Conrol 0.1 1.0 7.5

PND) 14 1 374£28.0 3162219 57 72226 2892210
N=12,10,10.74 7% 24 52031 37.6+22.1 28,1423 4 26.7+27.1
3 2124173 34.9+21.2 19.1+18.6 2142219

4 2473210 29 0%19.2 25,1423 .4 27,62262

5 23.2418.3 15.5429.0 1502175 11.9+10.1

6 12.5%12.3° 22.7£23.1 742145 10.9+12.4

7 16.6226.0 11 0<16.3 14.820.8 19.9+26.7

] 9.3213.0 242372 1362195 21.0428.5

9 12.2413.3 18.4+26.0 7.4£12.2 14.9+16.5

10 10.9x15.) 212725 65129 6.7+9.6

| PND 18 1 2416 4 265213 [32+14% 36.2£28.6
IN=TZ LIS Fon 31.7216.4 30.6220.6 15.0x11.3 % 36.4221.5
3 26.3221.0 19.4220.1 1332173 34.24728.1

3 21.7221.7 2752298 13.9£14.7 19.8230.5

5 126431 4 164195 2032267 17.8425.4

6 79 44313 17.6224.2 1262237 19.2223.7

7 73.4225.6 128417 4 12.1x24.8 19.8227.4

g 15.6223.3 } 1472159 7.9+13.8 20.4+27.9

B 2182713 i 1022167 1455012 242431

10 21.6+28.8 135218 §.8:12.8 2324345

[TPND 22 I 45.5422.0 GU=27 1192170 37 0%12.5
[N=12. 11,6, 5 3 4372169 5z 2 35.3210.6 36 81262
3 41 8=17.0 29.4:348 31.9x19.6 408+17.3

4 4732325 4032281 3312138 23.8227.5

5 4022080 3 02263 4032183 54.2+11.0
6 5251210 39,5214 8 27.8224.7* 26.0£27.0 %

7 46.0=19.4 1504209 26.0+25.5 18.0+27.2

8 41.5=273 452290 20 71283 41.0£23.2

4 41,2227 2 38208 A§3+25.4 10.2221.9

10 36.1276.0 5422254 30.4227.9 42.8230.0

PN 6O i 670t 0 575206 661273 58.0+8.1 ~
[N=12.148.0.5] ) o4 226 | (272185 6142132 $3.6£11.6
3 5872206 417720 59.0+13.4 52.0+12.3

1 47 R321] S5 8174 54.0+12 408421 4

34,1220 3795319 3§ (2275 40.6221.7

N 34.2424.0 4232209 27.3x27.6 51.6129.2

B 36.3227 5 W G20 3762384 7942197

i 340228 3 25 62305 387230, 21,025 4

o 362297 47 1x244 4172287 1724256

10 2552738 41 72293 44 02264 2682215

Data taken from Table 18, pp. 132-139, MRID 36153302,

" Values arc given as Meun « Standard Devianon, with group size [NJ as indicated.

Significantly different from control * p<0.05; > p<.01

-y
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Table 10b. Motor activity sub-session dala from fernales (activity counts/subsessien) *

Test Day/Sub-session Dose (mg/ig bw/day)
Control 0.1 1.0 7.5
PND 14 i 3682203 35.6126.8 27 82242 43.0£206.5
N=11.7.10.7} 2 77.0:20.0 19.9£25.9 30.7x19.0 29.3+30.0 H
3 20.7:18.7 2512218 31.4222.4 31.1228.5 |
4 25.3220.0 2142218 38.3220.1 15.4+)3.5 |
3 [EETSER 1374239 28.2x30.2 19.1223.5 [
6 1824195 0.9217.3 23.6227.5 1332184
7 2132174 1092177 25.7£21.0 13.9+139
8 20.6217.2 10.3£21.5 16.9+16.2 5.116.6
9 15.7+14.7 0.6216.0 21.2£24.6 13.117.6
10 16.3%15.7 13.7=17.8 13.0+18.1 20.1231.7
“PND 18 T =3 62320 92191 36.0423.0 14.05153
N=11.7.10.7} 2 30.4528.9 28.6£24.5 15.7x16.1 21.9+19.8
3 3354229 25.3+16.9 26802324 27.6126.7
4 2662274 23.9+24.3 15.9223.5 13.7=17.4
5 1874148 26.9+26.6 26,3203 11.3214.7
6 1672154 872226 2332202 18.6222.)
7 2312255 157704 19.5£18.1 247+25.6
8 2293225 P2 4x24 8 17.4225.1 14.0£17.2
o 18 5x22.9 1442255 11.6x18.4 20.6:24.8
10 21.3=219 1432226 9.8220.1 29.0+30.1
PND 22 7 Ta 5o 4 T 02162 36527 0 3632133
[N=11.7.10.7] 2 2432202 22.4215.0 942188 35.3222.7
3 2332170 75.42225 42.4x170
4 2572233 39.1227.5 40.3+24.3
3 12227351 386293 28.6122.9
6 24,9219 1762260 4502227
E 41.0226.3 3122744 334223
S 4192203 39.5222.3 504302 H
9 42 5226.0 3391255 20.7+22.7
10 2762240 29.4+23.3 45.1232.4
PND 60 ! 02 3=0 1 667486 62.6k17.2
[N=11.7.10.7] 3 61.3x13 7 61.414.1 61.4+17.0
3 61 A<191 67.628.0 64.7+15.3
4 S81+178 64.9212.9 64.0£14.8
A 587xi1.4 715470 % 64.1213.5
6 4872160 63.0=11.1 56.4x28.3
- 5262207 64.5¢16.7 454224 5
£ 5202042 55.4223.1 43.1£26.9
9 5522108 62,6233 33 7+17.2
10 48 62177 3542103 6364152 % 62.6+75

Data taken from Table 18, pp. 132-139. MKID 46153302,
* Values are given as Mean & Standard Deviagon. with group size I[N} as indicated.
Significantly different trom contro): ¥ p<{.05. *¥ p<0.G1,

Yoo !
IR
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¢) Auditory startle reflex habituation: Results of the auditory startle reflex habituation testing
are given in Table 11a (startle ampliiude) and Table 11b (time to maximum amplitude).
High-dose males had increased mean startle amplitudes during block numbers 2 through 5 on
PND 23. aithough habituation over successive trial blocks was still seen. Habituation was
seen over successive trial blocks in all groups on both days and in general appeared to be
more pronounced on PND 23 than on PND 6]. The mean times to maximum amplitude of
the treated groups were similar to those of controls except for one statistically significant
increase 1n mid-dose females during block number 4 on PRD 23,
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Tabie I11a. Auditory startle amplitude (V) *
Test Dav/Block Dose (mpg/kg bwiday)
Contro! 0.1 1.0 7.5
Males
PND 23 I 36251513 463.92215.6 451.6x108.0 459.0«x124.2
[N=11, 10, 10, 5]
2 237.0x57.1 29194675 258.7+55.1 3319900 *
3 221 13644 272725309 271.0254.2 326.7£127.5 >~
4 166 52658 24272373 2241446 28462732 =
5 179.8272.6 22712442 218.7463.7 244224464
PND 61 [} i451.9x168.0 1307 4+£517.0 1203.7+291.6 1194.84214.1
[N=11, 10, 10, 5§ -
2 076.542¢3.9 973442459 1115523609 1184.5%169.3
2 897.9x216.3 962.6+225.8 096.02233 4 53¢.3x235.3
4 8§99 [x254.% 040 0x448 6 984 912509 1050.24233.6
5 8BZ.5x273.2 §950.34570 4 753123442 916.8£210.7
Females
PND 23 { 383 Dxi328 29271133 382.8+107.9 320.8270.8
[N=11, 11.10.7]
2 286880 4 2232503 285.6164.4 325.6x1985
R 239 8+ 4 23812632 28042829 240821014
4 246 3469 238532576 21512782 24511129
4 2273+397 21012707 214 B+56.0 2222£109.0
PND 61 | 979.5+£380.3 1053 421862 1206.5+290.1 1103.2+310.7
[N=1].11,10. 7]
z 921 432668 103412247 1 112982287 .8 095.0+436.2
3 526.0x290.9 045 0+330 4 904 42317 QO F36.61231 1
EY 69R (2241 4 TIR TR FILE2628 763.7x98.0
S 83794327} 604 . 71643.7 730.52247 3

790521803

Data taken from Table 18, pp. 140143, MRID 46133302,

" Values given as Meun = Standard Deviation. with group size [N} as indicated.

Significamly different from control: * pet 97

~p<0.01.
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m a2
Tabie 11h. Auditory startie reflex: time (0 maximum startle amplitude (msec}
Dose {mg/kg bw/day)
Test Day/Black
Control .1 1.0 7.5
Males
TPND 23 i 25.824.9 28.6+11.6 29.625.1 22.723,1
= 10, 5 .
(N=11.10.16.5 2 21,6239 212237 22.6=3.6 195411
3 2134301 21748 307217 20.442.8
4 217233 2073 201425 19.11.2
5 210225 20 122.7 20,722 20621.4
PND 61 ! 25338 242263 22.812.0 23.923 .5
[N=11.10, 10, 5/ -
2 223233 12943 7 21,4220 21.522,
3 227+30 1324390 22 1:28 715437
4 137408 ‘ MA=20 223229 213245
5 209429 25313.7 23,9251 22.7%3.1
[
T Femuales
¥
PND 22 ! 290627 6 26 4261 25451 24.5+4 8
[N=t1.11,10.7)
2 21233 21.6=3.6 219256 243259
3 20,0232 227258 233£5.4 229338
i 192211 20.522.¢ 218230 ¥ 20.5+1.9
3 198226 198216 21,6238 20.0+14
PND 61 ¢ 24 8244 25 G239 243226 231.823.4
{N=}} 11,10.7)
P2 23 1288 150-73 211226 271243
1 214:44 R PSS 285224 ‘ 228428
“L : 233554 237230 225233 213239
{ s 259271 ? 22112 21 132.1 i 232526

Data taken from Table 20, pp. 144-147. MRID 46153302,
Values given as Mear = Standard Deviatinn . with group size {N) as imdicaree,
Significantly different from contral: * p<G.05; p<(.01}

d) Learning and memory testing: Seiected data {rom the water maze testing are given in
Tables 12a-b and 3a-b. There were no treatment-related effects on swimming ability
(speed). as evaluated by compartson of mean straight channel times. Learning was evident in
all groups at both time points as 58-77% decrease in swim time for Trial 6 on the {irst day
compared (o the groups’ respective swim tirnes for Trial 1 on the first day. Memoery was
evident in all groups at both time points as a = 33% decrease in the Trial | swim time on the
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second dav of testing compared to the Trial | swim time on the first day of testing. However,
the significantly increased Trial 1 swim time in high-dose males on PND 62 (compared to
controls on the same day) is indicative of some degree of memory impairment in that group.

Compared to controls, on PNDs 27 and 62 high-dose males had significantly decreased
percentages of successful trials at the lowest indrvidualized cut-off time (i.c. at a ~ut-off time
equal to the straight-channe] time of the individual animal muldplied by 1.0 abbreviated as
“SCTx1.0"). In fact, at both time points, the high-dose males had lower percentages of
successful trials at “SCTx1.0" on the second day of testing than they did on the first. These
differences may indicate that the high-dose males are taking longer to complete their tnals for
a reason other than decreased swim time. No effects were observed in females.

Table 12a. Selected water maze performance parameters for male offspring at posinatal days 24 and 27, *
Dose (mg/kg bw/day)
Sesstan/Parameter Control 0.1 1.0 75
PND | Swim ume secands):
24 Tria) 1 15.6327 54 14.7557.46 15.67+7.80 14.88+7.29
Trai o ( 4982224 4.77£3.12 5.96x2.79 6.19+4.04
Straght Channel 487396 338x098 3.84+1 .82 4.28+234
% Successful Trials: ®
Cut-off time = 3 sec 36286 0.8+18.7 4.6212.5 7.7£11.0
Cut-off ime = SCTx1.0 ¢ 24.630.1 i3.7215.9 [2.0=220 231323
Cut-off lime = SCTx1.5 ° 5002271 441220 4 15722291 46.2%33.4
Cur-offtime = SCTx2.0 ¢ 60 1=26.0 35.9z166 8742257 59.0£28.6
PND | Swim time secondsy:
27 Tnal | 6.32x3.38 8.6124.69 7.14£3.69 6.2123.33
Strvght Channet 3732154 3672118 1.69+1.52 5.A4%x) 42
% Successful Tnais:
Cut-off ume = 3 sec 2172227 27182 315220 19 2£28.7
Cui-off ume = 4 sec 57.2+24.0 52.0422.7 47.2228.2 44.9+33.6
Cu-off tme = S sec 71.0£19.6 62.7222.5 63.0£26.5 53.8£29.8
Cut-ofl hme = 6 sec 78.3z184 70.6+19.1 74.1+183 65 4+24.0
Cut-olf vme = 7 sec 3412173 7I5x16.6 852126 744x18.8
Cut-off ime = 8 sec 88.4£127 85.3=x13.0 88.0x11.2 752172 %
Cut-off trme = 9 sec 9] 3=122 88.2+9.8 92.6+103 8l ixid g *
Cut-off wme = 10 sec 9.8x13.0 Y1.228.6 96.3x7 14 %85210.5
Cat-oif me = SCTx1.0 ¢ 37.0429.7 14.3229.7 3432359 14,1224 *
Cat-odf nme = SCT=1.5 7102272 6172230 6301271 (412287
Cut-off ime = SCTx2.0 ¢ 83.22209 o 5.5+£21.3 77.8217.1 71.8224.9

Data taken from Tables 21 and 22, pp. 148-155 and 156171, respeciively, MRID 46153302
? Values are given as Mean = Standard Deviution. with N=23.17, {8 and 13

® A successful trial 1+ one that is compieted 10 Jess than the given cut-0if tme. The percentage of trials meeting a specific

criterion was caleutated for each individual animal and used 10 determine the group mean {or thal coterion.
Cut-off ttmes equai 0 1.0, 1.5, and 2.0 times the individual ammal’s straight-charne! time.

sdou

Sigmficantly difterent trom contvol: * p<f).05: ** p<0.01.

A
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Table 12b. Selected water maze performance parameters for female offspring at postnatal days 24 and 27. *
Dose {mg/ke bw/day)
Session/Parameter Conirol 0.1 1.0 75
TPND | Swim (ime (scconds).
24 Tral 1 14.3245.47 15.00+8.29 13.82+4.80 14.94+7 44
Tnalt 3.06+3.67 4.16£2.05 4724211 5.61£3.95
Straight Channel 31.00x1.94 397271 4.26x1.54 +.88+3.64
% Successfu! Trials °
Cut-off ume = 3 sec 1272217 | 151252 7.9+18.0 i4.1£17.8
Cut-off ime = SCTx1.0 © 28.6233.0 18.3£27.8 2384287 34.6236.9
Cut-off tme = SCTx1.5° 54.8231.2 51.61247 48.4226.8 57.7+£26.9
Cut-off time = SCTx2.0 © 60.3+26.6 61.1221.9 67.5£22.7 05.4425.9
PND | Swim timc {seconds): -
7 Trial | 5.10+3.03 720287 7.9925.36 9.84+7.12
strarght Channel 3432126 4.09=1.68 3.00+1.99 5.04+0.54
% Successful Tnals: ® [ '
Cut-off time = 3 sec ! 21.4228.0 ) 28.6+24.8 11.5x17.6 211.8+249
Cut-off time = 4 sec 55.6£24.9 50.5£20.8 3972227 * 25.1£23.0
Cut-off time = 5 sec 65.9x20.1 . 66 Tx17 .5 60.3223.8 06.7£19.2
Cut-off time = 6 sec 72.2+16.9 754x163 70.0x15.7 74.4217.5
Cut-off time = 7 sec 78.6210.8 £3.3=15.8 g 77.8%16.1 79.5x12.1
Cut-off time = 8 sec §49x(3.8 3491148 _i 82.5=15.3 85.9£11.5
Cut-off ime =9 sec 86.5x12.5 87.3=12% { §4.9+13.8 £7.2x10.0
Cut-off time = 10 sec 88.129.3 91.3=113 897112 £8.5+10.5
Cut-off me = SCTx1.0° 3(.2=33.2 44.4=30.4 30.2=34.8 1542209
Cul-off ume = SCT=1.5 63.3=23.3 © 7142212 61.1£25.5 62.8x19.4
Cut-off tme = SCTx2.0 ° | 7542202 82.5+20.1 75.4+19.5 4.4+16.1

Data taken from Tables 21 and 22, pp. 148-155 und 156-171, respectively. MRID 46153302

* Values are given as Mezan = Standard Deviation, with N = 21, 21,21 and 13

Y A successful trial 15 one that is completed 1 less thar the given cui-off time  The percentage of trials meeting a specific
criterion was caiculaied for each individual animal and nsed 1o determine e group mean for that criteron.

©d© Cl-off nmes equal 1o 1.0, 1.5, and 20 nmes toe individual animal's straght-channel ime.

Significantly different from control: * p<0.02. == p<0.0i
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Table 13a. Selected water maze performance parameters for male offspring at postnatal days 59 and 62, *
Dose {mg/kg bw/day)

Session/Parameter Cantral 0.1 1.0 7.5
= Swim nme (seconds):
PND Trial | 13.75+5.83 16.90+3.26 14.50¢6.00 13.19+5.89 ﬂ
39 Tral 6 5524402 3.81+i.34 4.07+1.67 5.2443.21
Straight Channe! 340078 3.40+0.73 3.0320.61 3.67+0.81
% Successiul Trials: ®
Cut-off nme = 3 sec 87145 12,5229 9.2£16.6 1.5+5.0
Cui-off time = SCTx1.0° 18.3£26.8 20.0220.7 11.7£18.0 16.7x21.1
Cut-off dime = SCTx1.5 9 50.8+24 4 55.8215.6 45.8224.1 54.5+22.5
Cut-off tme = SCTx2.0 ¢ 63.520.2 675148 60.8+21.8 63.6x24.5
PND | Swim lime iseconds):
62 Trial 1 451204 4.65=2.09 " 4.9222.61 7.0922,95 **
' Strajght Channel 3.07x0.49 330088 2.88+0.76 2.8520.39
% Successful Trals:
Cut-off ume = 3 sec 26.2:25.0 18.3+20.2 26.7+25.6 15.2420.4
Cut-off ume =4 sec 50.8:22.0 © o 52.522317 50.8123.2 37.9+24.8
Cut-off ume = 5 sec (432192 60.0£22.2 64.2420.4 57.6x25.1
Cut-off tzme = 6 sec 73.8%14.8 700199 7:T2Y7.2 62.1:225
Cut-olf nme = 7 sec 80.2=11.3 73.8x19.8 783154 742173
Cut-off ume = 8 sec §5.7£10.9 7922186 §33%]16.2 77.3+20.1
Cut-off hme = 9 ge¢ 1 §8.129 2 8§0=19.2 91.7x12.7 80.3x16.4
Cut-ort e = 10 sec [ 9152100 8252157 ~ 93.5210.1 848157
Cut-off tme = SCTx1.0°° 2622267 25.8+27.8 1422218 9.1£202»
Cut-off nme = SCTxy.3 ¢ ol 1xi6.! 55.8233.7 567244 43.92426.1
Cut-off time = SCTx20° | 738x154 70.0+£22.0 T1.7+19.6 60.6+20.1

Data tuken from Tabiex 1 and 22. pp. 198-155 and 156-171, respectively, MRID 46153302
? Values are given o Mean = Siandard Deviation. with N = 21, 26,20, and [ 1.
A successtul trial 15 one that 1s completed in less thug the grven cu-off tme. The percentage of 1nals meeting a specific
criterion was caleulattd tor cach wdividual unimal and used 1o deiermine the zrous mezn for that criterion.
=d . « - L. - . N
¢ Cut-off imes cquai 10 1.0, 1.5, and 2.0 times the individual animad s stratght-channe] tme.
Srgnificantly defferens from controb * p<0 05> p(i 1



DICHLORVOS/084001

pevelopmental Neurotoxicliy Study (2003) / Page 34 of 47

OPPTS B70.6300/ DECD 426

Table 13b. Selected water maze performance parameters for [emale offspring at postnatal days 59 and 62, *

Trose (mp/kg bw/day)
Session/Parameter Control 0.1 Lo 7.5
TI?ND Swim Lime {seconds):
59 Trial | 15422531 13.5623.73 {4.3545.55 16.38+8 .46
Triat & 4.08+2 .42 4.492.17 6.0214.65 0.4525.23
Straight Channel 3.010.72 403245 KR P I 3.28x0.84
% Successful Trials: "
Cur-off titne = 3 sec 15.1%27.3 22.5:204 8.3x16.4 3.8¢7.3
Cur-oft time = SCTx1.0 © 1112133 2332283 13.923.0 90110
Cut-of time = SCTx1.5 " 46.8223.3 58.5x20.6 38.9x28 0 43.6423.1
Cut-off fime = SCTx2.0° $6.3+19.3 750158 #* 56.5124.3 60.3116.0
PND | Swim time (secondss:
62 Trial | 49522 71 5.17:3.62 7. 16£4.82 4.93x2.60
Strasghi Channe! 3n0el 24 3.82+3.08 3.2221.05 « 2.70£0.33
% Successiv. Trals: ®
Cut-off ume = 3 sec 27.8£21.0 2672278 159%293 23.1223.1
Cut-0fy time = 4 sec 56.3=19.3 550=24.8 5092271 47.4226.2
Cut-off ume = 5 sec 67.5522.0 65 82210 62.0+23 .4 61.5x29.2
Cur-df nme = 6 sec 75 4208 72.5+18.2 | 67.6225.2 65.4+28.4
Cut-sff ime = T sec §1.0221.3 7672157 i 7342207 67.9229.2
Cut-of dme = § sec i £84.9-106.6 783172 i 8242194 74 4426.0
Cutofiume = 9sec | # 57216.1 5252157 5602136 808224 4
Cuw-off nme = 10 sec 0 8512159 87.5=170 E50x13.8 §£3.32215
Cut-off ume = SCTxE0 206224, 1 25.8=30.5 ! 25.0425 8 5.4210.8
fut-oft nme = SCTx].5 " j 6332208 s0. 82255 § 55.6228.0 52.6x27.)
Cutofi e = SCH0° (7302214 7332205 | 7302222 62,8229 8

Data taker from Tables 21 and 22, pp. [48-155 and 156-171. respectively, MRID 46133302

eviauon. with N = 2120, 18 unpd 13

Values are given . Mean = Standard 0

A successful ural v one that s compieted n less than the mven cut-off tme. The percentape of mals meeting a specific
f pe ! gaspe

criterion was calcutated for cach individua! animal and used to determing the group mean for that criterion.

c.d e

Significantly difierent rrom control: * pafl (65, F* paG 0

3. Postmoriem resulis:

Cut-off umes equal w0 1.0, 1.5 and 2 0 umes the indvidual animal's straghi-channel time

a) Brain weight: Brain weight data arc given in Table 14. There was no evidence of a
treatmnen(-reliled effect on whole brain or cerebellum weights al either time point.
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Table 14. Brain weight data, *
Drose (mg/kg bw/day)
DNaviPars: {
Study DayfParameter Control 0.1 1.0 75
Males

PND 12: ° ™) 111-12) {10} {10] {6}
Terminal body weight (g) 227128 22.652.1 227529 22 6245
Braip weight (g} 1.1210.07 1.13£0.05 1.1120.04 1.1120.11

Brain/BW ratio (%) € 4.8940.46 4.98+0.36 4.96+0.76 5.0620.77
Cerebellum weight (g} 0.11150.012 0.105x0.007 0.107+0.009 0.106+0.014
Cerebellum/BW ralio (%) 0 43710075 0 469+0.043 0.47820.082 3 47720.044

PND 63: it {12 AL4) [31} o
Terminal body weight {g) 330.3£16.5 34152229 351.7226.7 357.3x19.2
Brain weigh! () §.97x0.07 1.9620.07 1.9740.07 $.9720.04

Braiw/BW ratio (%) © 0 €0£0.03 0.57+0.03 0.5610.05 (.5520.03
Cerebellum weight (g) 0.289+0.01¢6 0.294+0.021 295x03.012 0.290=0.025
Cerebellum/BW ratio (%) © | 0.087+0.000 0.086+04.002 0.084£0.007 0.082+0.009
Females

PND 12: ® {N] [1j {1 [l ol
Terminal body weight (g} 215218 207223 22722 13,6223
Brain weight () 1.07£0.05 1.0420.03 £.07x0.03 [.080.06

BraiBW ratio (%) © LoaDia07 5.11=0.62 4.76+0.4¢ 4.62+0.28
Cerebethum weight 1g) 0.103x2.011% 0 09520.014 010220.011 0.100£0.011
CerebellunyBW ratio (%) © 0.480=0.053 0.470=x0.108 0.450+0.039 0.42620.042
)

PND 63: (N] i (11] 110} {101
Terminal hody weight (g} 213432214 COR230x120 230.2x12.8 217.4x18.1
Brain weight (i1 1.§20.06 1.83=0.06 1.85+0.08 1.83:0.09

Brain/BW ratio (%) © 0.85+0.08 4.82:0.006 0 80+0.02 .84+0.07
Cerebeltum weight (g) [ 0.267+0.017 0.26520.022 0.272+0.02} 0.27720.008
3
Cerebellum/BW ratio (%) © f 0.120=0015 & 0.120=0.013 0.118+0.008 0.12820.011

Data taken from Table 23 pp. 172177 MRIDN 46133302

* Values given as Mean 2 Standard Deviaton twhere provided), with group sizegs [N] as indicated.

* Whole prain and corebellum weights were measured after fixation in pops of this age,
* Mean Brain/BW und Cerebelium/BW ratios were pot subjected 1o stanstical analysis.

b} Macroscopic examination: There were no ubnormal gross findings in any of the F, animals
killed at the intenim sacrifice on PND 12, Among the F, animals killed on PND 63 for brain
weight or neuropathology/morphometry evaiuation, abnormal gross findings were limited to
renal pelvic dilatation in two low-dose males, and a Kinked tail in one high-dose fernaje.
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c)

d)

Some of the I animals that died or were sacrificed monbund were subjected to gross
necropsy. Of these, one high-dose male had a pale hver. The other findings mainly involved
the respiratory tract and thoracic cavity and were consistent with mis-dosing, such as
pral/masal discharge, mottied or discolored lungs. and pulmonary and pleural adhesions. No
tissues were retamed and/or examined. There were no macroscopic findings involving the
nervous system.

Neurohistopathology: No treatment-refated effects were seen at PND 12. At PND 63, high-
dose females had slightly increased incidences of minimal dernyelination of the proximal
{(7/11 vs 4/12 for cantrols) and distal (4/11 vs 2/12 for controls) tibial nerves. The incidences
of the penpheral nerve findings were within the provided historical control ranges. Dose-
blinded re-reading of the slides was not conducted. and peripheral nerve ussues from the
lower dose groups were not examined.

Mean counts of Purkinje cell badies (per mm) in lobule 8 of the cerebellum were not affected
by treatment,

Morphometric evaluation: Morphometric measurements tzken in the cerebrum and brain
stem are given in Tables 13a-b, and thosc taken in the cercbelium are given in Tabie 16. At
PND 12, mgh-dose females had an increase in the thickness of the molecular layer of the
prepyramidal fissure of the cerebellum, and at PND 63, high-dose males had a decrease in the
thickness of the inner granular laver of the prepyramidal fissure of the cerebellum. These
findings are considered possibly treatment-related and adverse. There were no alterations in
the cormical cell layers of the preculminate fissure or in the length and height of the
cerchellum. ' '

Changes n the morphometry of the cerebrum/brain stem slices were scen in high-dose
animals of both sexes at PND 63. High-dose males and females had an increased
hippocampal width at Level 4 and increased widths of the dentate gyrus of the hippocampus
on Levels 4 and 5. Both sexes also had an increase in one of the piriform cortex
measurements: in males this was seen on Level 5, and in females this was seen on Level 4,
Males had u decreased thalamus height on Level 4, and females had a decreased corpus
callosum thickness on level 4.
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Table 15a. Brain morphometry of cerebrum and brainstem in male offspring (mm). *
Parameter Description and [Number] i Dose Level (mg/kg bw/day)
Control 7.5 Control 75
PND I2 [N = 12 and 6] PND 63 [N = 11 and 9-10)
Fronual Corex
Herght - Level 2 247 566:0.32 5.6440.38 6.60+0.61 6.65+0.23
Width - Lavel 2 2y 4.53+0.30 4.52+0.27 5.13+0.77 4.82+0.28
Dorsa) Cortex
Thickness - Level 3 [3A] {.46+0.07 14620.13 1.3420.08 1.29+0.14
Thickness - Level 3 3wy 1.60x0.08 '1_.571(}‘08 1.67x0.13 1.6520.17
Thickness - Lavel 4 {44} 392009 1.40:0.14 1.49120.09 1.41x0.09
Thickness - Level 3 i54] 22009 1.22+0.12 {.36x0.14 1.41+0.07
Pirifortn Cortex
Thickness - level 3 [3C] 1.23+0.10 1.18=0.00 1.05+0.11 1.1430.15
Thickness - Lovet 4 faB} 1.14£0.10 1.0920.14 1.05£0.12 1.1520.10
Thickness - Level 5 5K} 1.1420.09 1.1820.07 1.0620.11 1.17+0.08 *
Hippocampus:
Length - Level 3 {3 3.1220.29 3.21£0.33 2.36+0.18 2.39+0.30
Length - Level 4 14G; 4074024 3133028 3 3.6120.38 3.9240.27
Width - Levei S ISE) 472012 1482000 | {.4420.08 1.5720.09
Dentate gyrus [ength - Levef 4 {4j ; 1.530.13 1.509=0.50 {[ 1.6720.15 1.6120.19
Denmaie gyrus wiidth - Level 4 [4H3 05705 0612004 1 0.5420.05 0.6520.04 *
Dentate gyrus width - Level 5 [SDj 0.80+0.08 C.80=0.05 i 0.65+0.04 0.78+0.05 **
Corpus Callosuim.
Thickness - Level 4 [4C] 0.57+0.00 0.5620.07 0.36x0.06 0.32+0.05
Thalamus:
Height - Level 4 (4D} 3492026 5.52+0.17 5.39+0.27 490046 >
Widih - Level 4 14E] §.1620.47 8412026 | B.6520.39 8.7520.37
Width - Levei 3 3¢y & 7.3520.45 7 74x0.27 7.98+0.25 8.02+0.31(
Thalamus/Coricy
Overall width - Level 4 [4F) 13.98+0.67 14.0520.61 14.89=- 38 14.8420.36

Dara 1aken from Tahle 27, pp. 183-206. MRID 46153102
? Values given as Mean * Standard Deviation, with group sizes IN] as indicated.
Sigmficantly differsnt from contral: * p<Q.0% > pa DY,
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Table 15b. Brain morphometry of cerebrum and brainstem in female offspring (mm). *
Parameter Description and {Number] Dose Level (img/kg bw/day)
Control 7.5 | Cantrol 7.5
PADYI2{N=11und 7} PND 63 [N =12 and 11]
Frontal Cortex:
Height - Level 2 243 5.58:0.48 55362019 6.57+0.25 6.52+0.26
Width - Levet 2 28] 3.47x0.40 4282021 4.830.3) 4.70+0.41
Dorsal Cortex:
Thicknest - Leve. 3 {34] 1.420.08 1.4220.10 1.32x0.11 1.2910.13
Thickness - Lovei 3 138] 1552008 41:5814) (6] t.o6+0.10 1.682+0.10
Thickness - Level 4 [4A) 1.3720.0% 1.3B+(:.12 ) 1380, 10 1.39+0.10
Thickness - Level § [5A] 1.20+0.66 1.2420.08 1.3320.08 £.3420.09
Piriform Conex: ,
Thickness - Level 3 {3C] ] 1.12x0.08 1.1920.08 || 1.09+0.12 1.15+0.08
Thicknes:. - Levet 4 (48] ; 1.1520.08 1.1620.09 i 1.0820.13 1.21x0.11 *
Thickness - Level 5 {583 111008 1.1040.06 ; 1.0920.10 1.16+0.08
Hippocampus: 1
Length - Level ¢ 120 30420258 2992043 } 25362017 2.5420.27
{ '
Length - Level 4 | ren s 4474021 2962013 0 370200 3.880.35
Width - Lave! # |SES ‘f 1.4820.07 1.5620.11 f 1.430.10 1.5320.06 **
Dentate gvrus fength - Level 4 j4) {; 1.56+0 12 1.52%0 13 j 1.6120.13 [.7120.20
Dentate gyrus widih - Level 4 [4H! i 0.5%20.05 0.5720 04 iz (.58=0.08 0.680.05 *
Dentate gyrus width - 1.evel 8 {51! Jt 0.77=0.0¢ 0.8120.06 0.6620.0¢ 0.76:+0.04 **
Corpus Callosurn; ;f ’
Thickness - {evel 3 14C] i% 0.56=0.15 Q.536=0.13 ;:‘ 3.37£0.07 0.3120.04 *
Thalamus: S; 1
Hewpht - Leve! 2 [412] ; 5.66£0.28 5.50+0.26 %i 5.32+0.29 5.4310.27
Width - Level 2 [4E] \g 8.24+0.34 £.17x0.48 : B.58x0.3¢ 8.6020.27
Width - Levei * 15077 % 7.5620.33 7.49:0.51 } T.M£0.29 7.7920.09
Thalamus/Cortex i ‘
Overall width - Level 4 [1F] é 13912033 13.6120 60 f’ 14 4420.64 14 754045

Data taken from Table 27, pp. 183-206. MRID 46153307,
* Values given as Mean + Standard Deviavon. with group sires [NT as aindicated.
Significantly different irom control: * peN 05 1% el 01
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Table 16. Brain morphometry of cerebellum *

Parsmeter Description and [Number]

Dose Level (mg/kg bw/day)

Control 1.5 Control 7.5
Maies Females
PND 12
{Number Examined} 112} (6} [ti] {6]
Height {mm) [BH] 3.84+0.20 3.9140.32 3.8120.29 3.37:0.22
Length {mm) 8L} 4.3520.19 4.2020.25 4.37x0.40 4.38+0.35
Thickness of cerebellar cortex layers {um?
Preculminute Fissure:
Moleculur layer {8PCEFM] 75.5+9.0 76.5+11.5 83.5+105 0.4+64
Outer granutar fayer [SPCFC] 39,9237 411240 40.025.4 359263
Inner graswlar layer [§PCF1} 148220 136423 I 157x9 155225
Prepyramiﬂul tissare:
Molecular Yaver {BPPEM] 62.0x62 62.2x10.2 58.2x8.2 T0.1x102 >
Outer granuhar layer [8PPFC] 42208 458245 49.1=10.1 48.7+4.2
Inner granular layer {8PPFI] 14529 132424 134xi1 146+21
PND 63
[Numher Examined] {11 110] {11-12] [11]
Height (mm) (8H] 5452027 5.5520.21 5.31:0.30 533028
Length (mm) [BL} 6.90x0.41 7.10=0.28 6.80+0.38 6.82+0.42
Thickness of cerebeliar cortex Jayers {um
Preculminare Fissure:
Molecular layer [8PCFM} 254249 21682201 21232124 212.1220.2
Inner granulw layer (8PCT1Y 18811 17825 17930 165126
Prepyramidal Fissure:
Molecular layer [BPPFM] 20754149 2100175 198.0=15.8 203.0+14.7
toner granular layer [8PPFI) 157=26 | 134220 153219 139224

Data taken from Table 27 pp. 183-206, MRID 46353302,
Values given as Mean & Standard Deviation. with group sizes [N} as ndicated.
Significanily differeni from control: * p<0.03: ** p<0.01.

ar—

et



pevelopmental Neurotoxicity Study (2003) / Page 41 of 47

DICHLORVOS/ 084001 QOPPTE BT70.6300/ OECIL 426

1L DISCUSSION and CONCLUSIONS:

A.

INVESTIGATORS' CONCLUSIONS: The study author concluded that there were no
treatment-related effects on the F, parent females. The study author alse concluded that no
evidence of toxicity, including neurotexicity, was seen in the F, offspring. Increased values
for several morphametric measurements in the hippocampus were considered treatment-
related but not adverse.,

REVIEWER COMMENTS:

Two totu! litter resorptions in the high-dose group may be treatmem-related. Inordinately
high non-treatment-related pup mortality (and total litter Josses) during LD 1-5 make it
difficult to distinguish any trearment-related pup mortality that may have occurred duning that
time. Slightly higher than expected offspring mortality was also cbserved duning LD 5-22.

Offspring toxicity manifesied as neurobehavioral changes i high-doss males. This group
had increcased mean startle amplitudes on PND 23 (for Blocks 2-5). Spatial memory
impairment was evident at retention testing on PND 62 as an increased Tnal 1 swim time
compared to controls, although the results did indicate that ai least some memory was
present. Al reiention testing on PNDs 27 and 62, this group had decreased percentages of
successful trials both compared to controls and compared Lo thelr own previous results on the

first day of tesung.

Brain morphometry changes in high-dose animals at PND 63 provided additional evidence of
possible toxicity. Both sexes had increased hippocampus width at Level 5, increased width
of the dentate gyrus of the hippocampas on Level 4 and Level 5, and increased piriform
cortex thickness, seen on Level S in males anc or: Leve! 4 in females. Males had a decreased
thickness of the inner granvlar laver of the prepyramidal fissure, and decreased thalamus
height on Level 4. Females had decreased corpus calloswm thickness on Level 4. The
morphometric changes tn the hippocampus (including deniate gyrus), thalamus, aad
cerebellum may be related to the memory impairment in males and also correlate 1o the
increased startle response in males (cn PND 23). although the time course was di'ferent. No
neurobehavioral correlates were detected for the decreased corpus callosum thick:ess in
females. ‘

An increased thickness of the molecular laver of the prepyramidal fissure in high-dose
females on PND 12 was considered possibly treatment-related although of unknown
significance.

The incidence and/or severity of demyelination of several peripheral nerves in high-dose
femaies at PND 63 were slightiy increased but remained within historical control ranges.
These changes are common findings and were considered to be incidental to treatment even
though dose-bhmded re-rcading of the shides was not conducied, and peripheral nerve tissues
from the lower dose groups were not examined .
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Discrepancies between the conclusions of the reviewer and those of the study author
concerned the increased startle amplitude in high-dose males on FND 23, the results of the
water maze lesting, and whether or not the effects on brain morphometry were treatment-
related and/or adverse.

According to the study author, increases in mean startle amplitude in high-dose males on
PND 23 during blocks 2-3 were due to high values in two animals that were tested that day
and were also affected by greater bodv weight in the high-dose animals than n controls.
Although the reviewer agrees that body weight can affect startle amplitude, it is unlikely that
the cited 11.8% difference in body weight would result in 39-48% increases in mean startle
response. and it is even less likely that it would do so during Blocks 2-5 without having a
similar effect dunng Block 1.

The reviewer interpreted the results of the water maze testing in a different manner than did
the study author. The reviewer disagrees with the study author’s assumption that changes
seen in onhy one sex and/or at only one time point cannot be treatment-related. Moreover, it
is the opinion of the reviewer that a treatment-related difference can be eviden using one
method of analysis but not be evident using the other method of analysis.

The reviewer disagrees with the study author’s implication that 2 morphometric change seen
in only one sex or at only one level cannot be treatment-relateg. The reviewer also disagrees
with the study author’s staiement that treatment-related morphomelric changes ut: the
hippocamnpus were not adversz effects because they were 1ncresses rather than decreases.

The mordinate pup mortahty in all groups including comrols during lactation was most
pronounced during PND 1-5 and is indicative of compromised health status or some other
problem with the animals on study. The high numbers of total fitter losses resulted in too few
high-dose F, litters to allocate the munimum number of offspring to all endpoints. tis the
opinmon of the reviewer that the data from the motor activity westing are inadequate 1o
preclude a treatment-related effect on motor activity. The absence of habituatior during
motor activity {esting indicates a probiem with the testing procedure and/or a continued
problem with animal health. Likewise. the results of the FOB are inadequate to :ssess the
evaluated parameters because the sams animals were not evaluated at-all time peints.
However. adequate numbers of control ammals were evatuated for each measured parameter.
For this reason, the study 1s tentatively classified as Unacceptable (not-upgradable),
Further discusston of the study deficiencies is included below,

C. STUDY DEFICIENCIES:

Major deficiencies include the following:

¢ The high pup mortality in controls and high dose groups during lactation period, LDI-5 is of
concern since this finding 1s indicative of compromised hzaith status of the animals or some
other technical difficulties with the conduct of the study.
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The high numbers of total litter {osses in the high dose group contributed to too few F, litters
to allocate the minimum number of offspring to neurobehavioral endpoints. In the high-dose
group, only 7/sex were assigned for motor activity evaluation, only 3-7/sex were assigned for
auditory startle hab:[uanon, and only 6-7/sex were assigned tor PND 62 brain weight, Only
seven low-dose females were evaivated for motor activity even though this group had 21
acceptable litters available for experiments.

The absence of habitnation during motor activity testing indicates a problem with the 1esting
procedure and/or a continued problem with animal health

The offspring functional observational battery assessments did not consistently evaluate the
same individual animals at all scheduled time pomts. Some instances appeared t¢ be a later
assignmen! of an add:tional animal as a substitute for one that had died; this 1s
understandable. but it should have been documented in the study report. Occurrences when
individuals were evaluated at only one or two ime points or when individuals were
evatuated at most time points. with missing time points occurting non-consecutively in the
mddle of the study are unaccepizble.

The expcrimental details on the auditery startle reflex and the motor activity are missing. A
description ior make and model number) of the monitoring devices for the motor activity was
not provided. Also, there was no deseniption of the equipment used, environmental
conditions. length {msec) and intensity (dB) of sound, or the length of the interval between
trials for auditory starile reflex measurement.

The morphometric data for the low and mid dose groups were not reported. The high dose
group had morphometric changes in the thalamus, hippocampus anc to some extent in
cerebral cortex and cerebellum. It is not known if these cffzcts were also observed in lower
dose groups.

Additionally. the data were presented in a disorganized manner. This made it difficult and
time consumung to follow the disposiiion of individual animals and their litters and evaluate
parameters such as the survival of F, offspring after PND 3.
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APPENDIX: Preliminary Developmental Neurotoxicity Study - Rat: Range-finding.

TEST MATERIAL, (PURITY): Dichlorvos, technical material (99.0% a.i.; batch #5T120700)

CITATION: G.Milburn (2003} Dichlorves: preliminary developmental neurotoxicity study in
rats. Central Toxicology Laboratory, Alderley Park, Macclesfield, Cheshire. UK.
Laboratory reporl number CTL/RR00885/Regutatory/Report, October 13, 2003.
MRID 46153301, Unpublished.

EXECUTIVE SUMMARY:
In a preliminary developmental neurotoxicity study (MRID 46153301) Dichlorvos (99.0% a.i.,
batch #ST120700) was administered by gavage in de-ionized water to 15 me-mated female

from geswation day (GD} 7 through postnatal day (PND;) 22. In-life observations included
maternal clinical signs, body weight, and food consumption {dunng gestation} and the number,
survival, ¢linical signs, and body weight of the pups. Erythrocyte (RBC) and whole brain
acetylcholinesterase (AChE) activities were measured as follows: in 5 dams/group on GD 22; in
5 dams/group on PND 22: in selected feruses from the dams killed on GD 22 (blood from
sufficient fetuses to attain adequate pooled sample voiume and whole brain from 4 :
fetuses/sex/hitiery. and in 5 pups/sex/group (1 per litter where possibley or each of PNDs 2, 8, 15,
and 22. Plasmu AChE activity was nat measored.

There were no maternal deaths daring the study. Three dams had abnormal clinjcal signs: one
control dam with piloerection on day 26; one mid-dose dam with observations of paleness (days
24-26), hunched, subdued behavior (day 26). and a total litter loss by day 26 (LD 3); and one
high-dose dam with iregular breathing on days 253-27 There were no trzatment-relatzd effects
on maternzl focd consumption. matemal body weight. or gestation length. The study author
mentioned body weight decreases in high-dose dams beginning on LD 11, but these were of
insufficient magnnude to be considered biolegically significant (just 3-4% less than controls).
Under the conditions of this stndy, the LOAEL {or maternal systernic 1oxicity (other than
acetylcholinesterase inhibition) is not identified, and the NOAEL is greater than or equal to
7.5 mg/kg bw/day.

There were no treatment-related effects on the overal] proponion of pups born alive, the mean
percentage of hive pups per litter, or hve hiter size on LD 1. Pop survival, body weight, and
clinical signs were unaftected by treatment. Twe dams had total Hiter losses: one mid-dose dam
had a wotal liter [oss by LID 3, and one low-dose dam had a tota] litter loss (of 1 pup) by LD 2.
An increased propertion of male pups in the mid-dose group (64.85 vs. 46.2% for controls;
p<0.01) was considered incidental to treatment because there was no similar finding at the
highest dose level. Under the conditions of this study, the LOAEL for offspring toxicity
(other than acetylcholinesterase inhibition) ic not identified, and the NOAEL is greater
than or equal to 7.5 mg/kg bw/day.

In maternal antmals. RBC AChE activity was biologically significantly inhibited at th: mid- and
high-dose treatrient levels on GD 22 by 25% and 48%. respectively {(p<D.01) and on 1L.D 22 by
24% and 50%. respectively (p<0.05 and p<0.01). RBC AChE activity was also inhibited in high-
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dose male and female (GD 22) fetuses by 28% (p<0.5) and 21 % (n.s.), respectively. There were
no treatment-related effects on RBC AChE activity in male or female pups. The LOAEL for
dichlorves erythrocyte acetylcholinesterase inhibition in maternal rats is 1.0 mg/kg bw/day,
with a NOAEL of 0.1 mg/kg bw/day. The LOAEL for erythrocyte acetylcholinesterase
inhibition in offspring or fetuses is 7.5 mg/kg bw/day (based on male and {emale fetuses on
GD 22}, and the NOAEL is 1.0 mg/kg bw/day.

In maternal antmals, whole brain AChE activity was biologically significantly inhibited in high-
dose animals on GD 22 and 1D 22 by 59% and 67%. respectivelv {p<0.01). Brain AChE activity
was aiso inhibited in high-dosc male and femaie (GD 22) fetuses by 16% (p<0.5) and 21%,
respectively (p<0.01). There were no treatment-related effects on brain AChE actyvity in male or
female pups. The LOAEL for brain acetvicholinesterase inhibition in maternal animals is
7.5 mg/kg bw/day. with a NOAEL of 1.0 mg/kg bw/day. The LOAEL for brain
acetylcholinesterase inhibition in offspring or fetuses is 7.5 mg/kg bw/day (based on male
and female fetuses on GI» 22), and the NOAEL is 1.0 mg/kg bw/day.

Based on the results of this study. dose levels of 0, 0.1, 1.0, and 7.5 mg/kg bw/day were chosen
for the main study



DICHLORVOS/084001

Developmental Neurotoxicity Study (2003) / Paga 46 of 47

OPETS B87C0.6300/ OECL 426

Table 1
Parent Female and Fetal/Pup Cholinesterase lnhibition
Time Point Compart- Sex 0.1 1.0 7.5
ment mg/kg/day mg/keg/day mg/kg/day
Day 22 Brain Parent ns ns 39%**
gestation Female
Day 22 Erythrocyte Parcnt ns 25Pp%* 48F**
gestation Female
Day 22 Brain Parent ns ns 67%**
lactation Female
Day 22 Erythrocyte Parent ns 24%* 509%**
lactation Female
y !
Fetus Brain ' Male s ne 16%*
{ Female ns ns 219+
i .
Fetus Erythrocyte | Male s ns 2R %*
; Female ns ns ns (21%)
1
. i
Day 2 Brain Male ns ns ns
post partum Female { NS | ns ns
. ! i
Day 2 Erythrocyte Male . ns I s ns
- ¥
post partum Female (s ns ns
Day & Brain Maie ‘s ns ns
post partum | Female | s ns i s
J
Day & Ervthrocyte Male L ns T3 ns
post partum | Female ns ns ns
Day 15 Brain | Mule ns ns ns
post partum Female ns ns ns
Day 15 Erythrocyte | Maie ; ns ns ns
post partum : T'emale L ns ns ns
. i
Day 22 Brain Male fas ns ns
post parturmn Fernale ' g ns ns
H
. {
Day 22 Erythrocyte | Mele i ns ns ns
post partum | Female [ ns ns ns

ns = not significantly different frony Control

Ty
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* = Statisucally significant difference frors the Control group at p<0.05 level
(Student’s t-test, two syded)

** = Staustcally significant ditference frony the Control group at p<0.01 level
{Student’s t-tesi. two sided)
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DATA EVALUATION RECORD

STUDY TYPE: Developmental Neurotoxicity Study - Rat; OPPTS 870.6300 (§83-6), OECD
426 (draft)

PC CODE: (8401} ' DP BARCODE: D305082
‘ SUBMISSION NO.: none provided

TEST MATERIAL (PURITY: Dichlorvos Technical Matenal (99.0% a.1.)

SYNONYMS: DDVP

CITATION: G.M. Milbum (2(:04) Dichlorvos: supplemental developmental neurotoxicity
study in rats. Central Toxicology Laboratory, Aiderley Park, Macclesfield,
Cheshire, UK SK10 4T, Laboratory report number
CTL/RRO988/Regulatory/Report, January 28, 2004, MRID 46239801
Lnpublished.

SPONSOR: Amvac Chemical Corporation.

EXECUTIVE SUMMARY: It a developmental neurotoxicity study (2004, MRID 46239801,
study RRO988; Dichlorvos (99.0% a,i.. batch #5T120700) was admintistered to 30 time-mated
female Alpk: AP SD (Wistar-derived) rats per group by gavage in de-tonized water at dose levels
of 0 or 7.5 mg/kg bwiday from gestation day (GD} 7 through posinatal day (PND) 7. Direct
dosing of the F, offspring was carmiad out during PNDs 8-22. inclusive. This study was
conducted with a single dose to provide supplemental information to the previous study
(MRID No. 46153302) where high number of whole litter icss at this dose was seen.

On PND 5, litters were culled te 8 pups (4/sex as closely as possible), and litters contzining fewer
than 7 pups and/or fewer than 3 pups of each sex were removed from the study. The dams were
subjected to a funcuional observational battery (FOBY on GDs 10 and 17 and ort PNDs 2 and 9.
The F, offspring were observed for altainment of preputial separation or vaginal patency.

Animals were allocated for assessment of FOB (PNDs 3, 12, 22, 36, 46, and 61), locomotor
activity (PNDs 14, 18, 22, and 607, auditory siartle reflex habitnation (PNDs 23 and 61), learning
and memory (PND 24-27 or PND §9-62), and post mortem invest.gations including brain weight,
neuropathology. and morphometry {PNDs 12 and 63).
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No treatment-related deaths. clinical signs of twxicity, or abnormal FOB (indings were observed
in any maternal animals during the study. Maternal body weight, pregnancy rate, and gestation
length were similar between the treated and control groups. '

The maternal NOAEL is 7.5 mg/kg/day, the highest dose tested. A maternal LOAEL was
not established.

The results of this study were confoundzd again by excessive litter loss in the control group
similar to that of the previous study. In the control group a total of five dams had complete litter
loss during lactation and another eight litters had insufficient numbers of pups for selection of F,
animals. Only two treated dams had complete litter loss. The reason for the pup mortality is
unknown but was also seen at the same dose (7.5 mg/kg/day) in the previous study. Therefore, it
appears thar the pup mortality may not be related to treatment, Sut rather reflect a problem with
the animals or with the testing facility. =

In the offspring available for evaluation, no treatiment-related effects were observed on body
weight, body weight gain, food consumption, developmental landmarks, FOB, motor activity,
auditory startte reflex. learning and memory, brain weight, brain morphology or neuropathology.

The DNT Committee determined that the two DNT studies combined (RR0886 and K R0988) had
acceptable numbers of total pups examined in the controls and high dose groups (> 35 pups/sex
examined in combined studies) and, therefore. the developmental results of the combined studies
could be evatuated for the NOAEL/LOAEL.

Therefore, the developmental/offspring MOAEL was determined te be 1.0 mg/kg/day
(based on study RR0886) and the developmental/offspring LOAEL was 7.5 mg/kg/day
(based on both studies RR0886 and RR0988) with the effect being increases in auditory
startle reflex habituation Vmax in PND 23 high dose males in both studies.

This study when combined with the accompanying study is classified Acceptable/non-guideline
and may be used for regulatory purposes. It does satisfy the guideline requirement for a
developmental neurotoxicity siudy 1n rats {OPPTS 870.6300, §83-6: OECD 426 (draf:)] pending
review of the positive control data.

COMPLIANCE: Signed and dated GLP, Quality Assurance, Data Confidentiality, and Flagging
statements were previded for both studies.
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I. MATERIALS AND METHODS:
A. MATERIALS:
1. Test material: Dichiorvos
Description: techmical matenal: clear, celorless iguil
Batch #: STI207(K)
Purity: 099.0 % 2.
Compound Niability: stability not reported: expiration date of Qctober, 2000
CAS #of TGAL: not reported
Structure: not avallable
2. Vehicle and/or positive control: The vehicle was de-ionized water. No positive control was
used in the current study.
3. Test animals (P):
Species: Ra
Straim: Alpl:APSD. (Wistar-denved)
Age at study initiation: HO-17 wks
Wi, at study initiation: 12718t ¢
Source: Rodent Breeding Unit (RBU . Alderley Park, Macclesfield, Cheshire, UK
Housing: F. indivicualiy in solid plasoe cages with sawdust bedding: loose paper halls were provided
as nesting maserials (51 Supplies. Hazel Grove, Cheshire).
F,. i1 same sex groups of up to 4 ammals in wire mesh cages
Diet: Powderad CT1 duer was avalable ad libitun:.
Water: Water was availabie ad libilm: not otherwise described.
Environmental Temperature: L22£3 0C
conditions: Homidity:, 30-70%
Air changes: ar jeast 15/
Photoperiod: 12 his dark/12 hrs bght
Acclimation period: Antmals were supphad Ume-nuied and ammived 6 days before dosing beyan,
B. PROCEDURLS AND STUDY DESIGN:
1. Inlife dates: Start: April §. 2003: End: December 9, 2002,
2

Study schedule: Time-mated females were rundomly assigned to a control or treatment
group upon arrval. The test substance was administered (o the maternal animals from
gestation day {GD) 7 through lactation dav (I.D) 7. where the day of birth was designated as
postnatal dav (PND) I or LD |. Litter standard:zation and selection of F, pups were
conducted on PND 5. The selected pups were dosed on PNDs & through 22 and remained on
study uni;} PN 63 (study terrmination). The selected pups were weaned on PND 29, at
which time the maternal animals were killed and discarded.
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3.

5.

Mating procedure: Females were naturally mated while at the supplier. The day on which
spermatozoa were observed in a vaginal smear was designated as GD 1, and the females were
shipped to the testing facility on this same day.

Animal Assignment: Animal assignment s given in Table 1. Twenty time-mated females
were supplied on cach of 3 days and assigned to the control or treated group using a
randomized block design.

Offspring were sciected for use as F, animals at the time of litter standardization on PND 5.
The offspring were allocated for use in neurobehaviora] tesis, brain weight determunations,
and neuropathological evaluations by using onc male pup and/or one {emale pup/litter.

TABLE 1. Study design

Experimental Parameter Dose (mg/kg bw/day)
o 7.5
Maternal animzls N
No. of maternal animals assigned and FOB (Ds 10 ang 17; ' 20 30
LDs2and")
Offspring ]
FOB (PN 3,12, 22, 36, 46, and &1) 8-11/sex 0-12/sex -—l
Maotor activity (PNDs 14, 18, 22, and 60) 8fsex 11-12/sex
Auditory startie habituation (PNDs 23 and 61) 8/5ex 11-13/sex
Learning and memory (PNDs 24/27 and 59/62) 15-16/sex 22-23/sex
Brain weight:
PND 12 (fixed weight) 8/sex 11-12/sex
PND 63 (wet weight) 10/52x - 2lsex
Neuropathology and Morphometry:
PND 12 {immersion fixation) ' 8/sex 1G-12/sex
PND 63 (perfusion fixation; il/sex 12/sex

Dose selection rationale: The single dose used in the current study was the same as the high
dose in a definitive developmental neurotoxicity study (MRID 46153302). Due to a high
number of whole litter losses at this dose in the defimtive study. the current study was
designed to provide supplemental information.

Dosage administration: All doses were adminisiered once daily by gavage in de-ionized
water at a dosing volume of 10 ml/kg bw/day, based on the individual daily body weight.
Matemnal animals were dosed from GD 7 through ILD 7. and F, animals were dosed on PNDs
8 through 22
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7.

Dasage preparation and analvsis: The amount of the tesé material used was not adjusted to
account for purity, The formulaton was prepared every 4-6 days by adding sufficient de-
ionized water to a weighed amount of test material. Each formulation was subdivided into
aliquots for daily dosing and stered at room temperature until use. The method used to mix
the formulation was not described, although the study report stated that the preparations were
shaken prior to dose administration, Stability of the dosing formulation was measured in the
definitive stady (MRID 46152302). Triphicaie samples of formulation from the first batch
and from onc subscquent batch (April 7 and 20. 2003) were analyzed for concentration,
Homogeneity analysis was not done.

Results: Concentration Analvsis: Absence of the test material was confirmed in the vehicle.
Mean concentrations of the dose formoetation were 106.0-112.3% of nominal.

Stability Analysis: The stability of the test article in the vehicle was noted to be satisfactory
for 5 days ufter preparation; these data were not included.

Homogeneity Analysis: The formulation was stated as being a solution s¢ homogeneity
analvsis was nat done,

The analytical data indicated that the mixing procedure was adegquate and that the difference
between nomiral and actual dosage to the study animals was acceptable.

OBSERVATIONS:

In-life observalions:

a. Maternal apimals: Cage-side observetions were condested each morning and towards
the end of cach working day. Detailed clinical observations and body weight were
recorded upon armival. daily Gmmediately prior to dosing) during GD 7 through LD 7, and
on LDs |5, 22, and 28 (termination}.

All maternal animals were subjected to a functional observational battery on GDs 10 and
)7, and on 1.Ds 2 and b. The examinations were conducted in the home cage and in a
standard (open) arcna by an individual unzware of each animal’s treatmeni group, and
included evaluation of the parameters indicated (X) below. Additional details of the
tesung procedure (such as environmental conditions, duration of testing) and scoring
criteria were not given. On treatment davs, it was not stated whether the animals were
tested belore or after dosing.
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- 1

FUNCTIONAL OBSERVATIONS

Signs of autonomic function, including:
D) Lactimation or salivation
2y Piloerection or endophthalmus/exophthalmus,
3 Urine staiming or diarrhea
43 Pupillary response (o light: miosis/mydriasis
3) Degree of palpebral closure, i.e. ptosis.

Deseription, incidence. and severity of any canvulsions. tremars, or dbnormal movements in the home cage and
standard {open) arena.

Reactivity to general sumuli. including response to approach and touch.

Arousal hevetfalermess.

Description and incidence of posture and gait abnormalities.

Description and incidence of sny unusual or abnormal behavior, excessive or repetitive action (s:ereotypies),
emaciation. dehydration, hypotonia or bypertonya, allered fur appearance, sed or crusty deposits around the
eyes. nose. or mouth, and anv other observarions that may facilitate inierpretation of the data.

1)

2)

3)

4)

Offspring:

Litter observations: The day of completion of parturition was designated as PND or LD
1. The sex, weight, and clinical condition of each pup was recorded on PNDs ! and S,
and litters were checked daily throughout lactation for dead or abnormal pups.

On PND 3. litters were stzndardized to a roaximum of & pups/litter (randomly selected
4/sex/hitter, as nearly as possible), and litters with 7-§ pups and az [east 3 pups of each sex
remaimned on study as the F; generation. The excess pups were killed and discarded.

The F, litters remained with their dams until PND 29. Individual body weight and
detailed clinical observations were recorded on PND 5, daily during PNDs 8-22
(immediately prior to dosing). and on PND 29.

Postweaning observations: Afier weaning on postnatal day 29, offspring were
examined datly for mortality or clinical signs. Individual body weight and detailed
clinical observations were recorded on PNDs 36, 43, 50, 57, and 63 (prior to ermination).

Developmental landmarks: Beginning on PND 29, female offspring were examined
daily for vaginal patency, and beginning on PND 36, male offspring werc examined daily
for baianopreputial separation. The age and body weighi at the time of onset were
recorded for cach animal.

Neurobehavioral evaluations:

fangy
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a)

b)

)

d)

Functional observational batiery (FOB): Selecied F, ofispring were subjecled to a
functional observational battery on PNDs 3, 12, 22, 36, 46, and 61. The examinations
were conducted in the home cage and in @ standard (open) arena by an mdividual who
was unaware of each animal’s treaument group. On treatment days the testing was done
prior to dosing. The FOB for offspring as';esr.ed the same parameters as the maternal
FOB with no mention of adjustmer:t to account for developmental age. Additional details
of the testing procedure (such as environmental conditions, duration of iesting. and
SCOMME Creria Were not gIven,

In general. one male or one female was selected from each litter. However, in order to
ensure that at least 10 animals per soy. were examined, it was necessary 1o select one male
and ome female fromn soms control litters.

Motor activity tectﬁn + Motor activity was evaluated in one male or one femule per litter
on PNDs 14, 18, 22, and #0. An automated activity recording apparatus was used to
record lurge und small movements over the course of a SG-minute session, comprised of
ten S-minute scans. The same animals were evaluated at each time point. On reatment
days (PND {4, 18, and 223, the tesiing was dene prior te dosing. The treatmen: groups
were counterbalanced across the cage numbers of the activity monitors and the
assessments were done in & separate Toorm in order to minimize environmerntal distraction.
When the irzals were repeated each animal was tested in the same monitoring device
across test sessions. A description (or make and mode! number) of the monitoring
devices was not provided.

Auditory startle reflex habituatior: Audstory startie refiex habituation testing was
performed on one male or one femnale per Iitter on PNDs 23 and 61 using &n automated
system. Mecan response amplitude and time to maximum amplitude on each of 5 blocks
ol 10 trals per session were calculated. e descripuon of the equipment used.
environraental conditions. fength (msec) and intensity (dB) of sound, or the length of the

interval between tnals was grven.

Learning and memory testing: Water mare testing was performed on PNDs 24/27 and
on PNDs 59/62 te evaluate associative learning and memory. Separate groups of one
animal/sex/hitter were tested at each intervai. Each session was comprised of 6 trials in a
Y-shaped maze with onc 2scape ladder followed by a single trial in a straight channel to
evaluate swim speed. The amount of tume reuuncd for the ammal to find the ladder was
recorded tor cach toal.

The crerion for a suecessiul inal wes a m lc‘:s‘; than a given cut-0ff vaioe, and the
foliowinv ut-off values were u=ed .3.6,7. 8,9, and 10 seconds: and multiples of
1.0, 1.5 and 2.0 times the mu:vzdual animal’s Stlawht channel time. For euch individual,
the pcrcmlage of triais meeting a specific criterion was calculatec and used to determine

the group mean for that criterion,
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Learning was assessed by comparing the swim times for Trials 1 and 6 on the first day of
testing, und memory was assessed by companng the swirn time for Trial | on the second

dav of testing to the swim time for Trial { on the first day.
The inter-trial interval was not reported ard there was no further descniption of the
equipment or environmental conditions (lighting, water teraperature and depth,

background noise, etc.).

5) Cholinesterase determination: Bicmarker data were not measured in the current study.

2. Postmortem observations:

a. Maternal animals: Females that failed to litier were sacrificed on nominal GD 26 by
halothane vapor followed by exsanguination and subjected to a gross necropsy which
included examination for pregnancy status. Dams with litiers not selected as ¥, animals
on PND 3 and females with total litter Josses were sacrificed and discarded without
examinalion. Matemnal animals of the selected F, litters were sacnificed by halothane
vapor followed by exsanguination on PND 29 and discarded without examination. No
tissues were retained or processed for histopathological exarmination.

b. Offspring: On PND 5, the excess pups (i.c. those culled during litter standardization and
litters not selected as F, animals) were killed and discarded without exarnination.
Offsprng that were found dead duning the dosing interval (PND 8-22} were subjected to
gross necropsy. Offspring that died or were killed for humane reasons prior to PND 8 or
after PND 22 generally were discarded without examination. o t1ssues were retained
from these animals.

The offspring selected for brain weight and/or necropathological evaluation were
sacrificed on PND 12 or on PND §3 und subjected (o postmortem examinations as
described below.

On postnatal day 12, one male or one female per litter were sacrificed by carbon dioxide
exposure. and the brains from these amimais were immediately exposed and irunersion
fixed m [0% neutral buffered formol saline. At least 24 hours after fixation whole brain
and cerebeliar weights were recerded, and the tissues were embedded in paraffin wax and
processed 1n the following manner. The cerebellum was cut sagitally at midline to make
2 blocks {20 and 21) and the remainder of the brain was cut into 5 blocks by making
transverse cuts at the following anatomic lundmarks: the rostral edge of the olfactory bulb
(level D the caudal edge of the olfactory bulb (jevel 2): the rostral edge of the median
eminence (level 3); the caudal edge of the cerebral hemispheres (level 6); and the
midpaint of the remaining brain stem. The bilocks were sectioned, stained with
hematoxvlin and eosin, and examined using light microscropy,
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An tmage analysis system (KS400) was used (o make the morphometric measurements
given in Table 2. The system used @ light box, macro lens, and video camera. calibrated
by meuns of a graucuie. o ke the measuremenis on levels 2-5 of the
cerebrum/brainstem and to measure the hieight and length of the section of the
cerebellum. The rest of the cersbellum measuremens were made vsing a ligit
microscope, calibrated by means of a stage micrometer. Measurements of width, length,
and hcight were made over the maximum dirnension of the tndicated structure, and dorsal
coftex measurements were made at right angles o a tangenual hne at the surface of the
brain and extended from the memngeal surface 1o the mner ecge of the pyramadal cells
adjacent W the white matter of the external capsule. Bilateral features on the
cerebrum/brainstem sections were measured on hoth the left and night sides unless one
side was oblique or failed to show the feature in question for some other reason. The
cerebelium was measured on one of the two slides. i.2. the ong that provided the best
sagittal scction. In some cases. if was not possible to cui an adequate section for one of
the feveis.

The 1mage analysis system was also used to measure the tength of the Purkinje cell layer

il
on lebuie 8 of the cerebelium adjacent te the prepyramidel fissure. The number of
g

Purk:nye cell bodies in lobule 8 were countad and expressec as a function of the length of
lobuie &
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TABLE 2. Brain morphomeiry.

Brain Region Parameter Description and [Number}
'Frontal Cortex Heghu
Width
Darsal Cortex Thickness (1) on Level 3 at most dorsal point of external capsule, parallel to midsaginal line

Thickness (2) on Level 3 along a line drawn at ~43°from the midsagittal plane

Thickness on Level 4 along a hine drawn at 90°to the surface and through the medial tip of the
dentate pyrus

Thickness on Level 5, measured 10 the same manner as 4A (immediately above)

Piriform Cortex Thickness 00 Level 3 at midpoint between thnal and amygdaloid fissures
Thickness on Level £ at midpoint between rthinal and amygdaloid fissures

Thickness on Level S m mudpoint between thinal and amygdaloid fissures

rﬂippocampus Length from mudhne to outer edge of most tateral pyramidal cells an Level 3

Lengih frum nudline o outer edye of taost fateral pyromidal cells on Leval 4

Width on Level 5 from tnner zone of dentate gyrus 16 owter edge of CA2 ®

Dentate gyrus:  Width'on Leve! 4 at level of most medial part of lower iimb of CA3 *
Length an Leve! 4, measured parallel to a dorsal (horizontal) plane

Width at wides: point on Level S

Corpus Callosum Thickness at midline on Level 4

Thalamus Height at midhine on Level 4
Width at widest point on Level 4

Width ar widest pojart or; Level 3

Thalamus/Cortex Overall width at the widest point of Levei 4
Cerebellum Height
Length i

Preculminate Fissure: Thackness of molecular layer

Thickness ot outer granular layer ®

Thickness of imner granular laver
Prepyramidal Fissure: Thickness of malecular fayer

Thickness of outer granular layer ¥

Thickness of wmer granular {aver
Data taken from Appendix Fopp. 217-222. MRID 46239401 .

*CA2 = Comu Ammonss 2, and CA3 = Corny Amitonis 3.

" Measured only i pops killed on PND 17; not found in adult rats.

On postnatal day 63 at least 10 animals/sex/group were decply anesthetized via
intraperitoneal sodium pentobarbitone and euthanized by perfusion fixation with formol
saline at a volume approximately equivalent to iheir body weight. Brains were immediately
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removed. whole brain and ¢erebellar werghts were recorded. and the central and penphera]
nervous tissues indicatcd below (X) were collzcted and preserved i an “appropnate”
fixative. The bram tissues were processed i the following manner and cxamined. The

cerebellum was cut sagittzlly at midline to make 2 blocks {levels 20 and 21), and the remain-
der of the bran (cerebrum and brain steny) was cut into 6 blocks by making transy erse cuts at
the following anatomic landmarks: the 1ostv I edge of the olfactory bulb (level 1) the caudal

edge of the olfactory bulb (leve! 2): the rostra! edge of the median eminence (level 3); the
caudal edge of the median eminence (level %) the caudal edge of the cerebral hemispheres
(leve!l 6): and the midpoiat of the remaining hrain stem. The blocks were embedded in
paraffin with the rostral or medial face down (as appropnate}, sectioned, and stained with

hematoxyhn and eosin, and the spinal cord sections (mciuding spinal nerve roots and dorsal
root gangliz). eves, and muscle sections were processed in the same manner. The peripheral

nerve tissues were embedded in resin, sectioned sn a “secmi-thin” manner, and stained with
toluidine blue. Detailed morphometric evaluaions and enumeration of Purkinje cell bodies
in lobule & of the cerebelium were conduciad in the same manner as for pups Kitled on
PND 2.

X { CENTRALNERVOUSSYSTEM | X PERIPHERAU NERVOUS SYSTEM
BRAIN PERIPHERAL NERVES
[transverse znd longitudinal seciions)
x Cerehrum and transtern (ransywarse Secnons) ‘1 * Proximal s&ciane nerve °
X Cerebelium rsaginal sections) X Proximal tininl nerve ©

X istal nbial nerve (calf muscle branches) *

3PINAYL CORD ; GTHER
Hransverse and longitudinal sectiong] 1
X Cervical sweiling I 2§ Eye twub uptic nerve and redna) *
: ST A ) o
X Lumbur sweilimyg Lox Castrocnenias muscle (taansverse sections)

t Spinal nerve ool at cervical swelling®

¢ Dorsal root ganglia ol cevvical swelling *

]
]
11
!
|
X Spinal nerve ruots af lumbar sweiling ®
i
.
t

sorsal root ganglia at lambar swelling ™

Dat taken from pp. 26-27, MRID 46239801 .
* Right and left preserved: left processed for examimatior.
* Spinal nerve room ard dorsal scot anglia were meiuded m ransverse secuons of e spingd cord.

In addition. ar feast 10 animals/sex/eroup were sacrificed an PND 63 by carbon dioxide
exposure, and the brains from these animials were immeadiatelv removed, weighed (whole
brain and remoeved cerchellum). and stored in an unspecified fivative,

D. DATA ANALYSIS:
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1.

Statistical analyses: Materna! body weight during gestation and daring lactalion were
analyzed using analysis of covanance (ANCOVA) with GD 7 body weight and 112 1 body
weight, respectively as covariants. Maternal body welght on LD U was analyzed using an
analysis of variance (ANOVA).

Offspring body weight was evaluated on a litter basis. ANCOVA was used 10 analyze the
mean pup weight on PND 5 pre-cull and to analyze the mean weight of the selected F,
offspring during PNDs 8-63. The mean bodv weight on PND 1 and on PND 5 post cull were
respectively used as covartants. and both were analyzed used ANOVA,

The following data were analvzed using ANOVA: gestation length; litter size; total litter
weight on PNDs | and 5; motor activity measurements; maximem amplitude and time to
maximum amplitude in starile response lests; (litter based) time to preputial separation or
vaginal opening; (littar based) body weight al preputial separation or vaginal opening; brain
morphometry data; and the number of Purkinje cell bodies per mm.

Whole brain and cerebelium weights were analvzed using ANOV A and using ANCOVA
with final body weight as the covanare. Brain to body weight ratio was not analyzed .
statistically

The following parameters were analyzed using Fisher’s Exact Test: the propertion of litters
with gestation length less than. 2qual to. and greater than 22 days; the proportion of whole
litter loss in each group: and the proportion of males and females with observed
developmental landmarks {preputial separation and vaginal opening) on each day.

Data pertaining to live born pups, pup survival pre- and post-cull, and pup sex were evaluated
as follows: 1) mean percentages were analyzed using ANCVA {ollowing the double arcsine
transformation of Freeman and Tukey; 2) the propertion of pups bom alive, the proportion of
pups surviving, the proportion of hitters with all pups born alive, the proportion of litters with
all pups surviving and the proportion of male pups were analyzed using Fisher's Exact Test.

Data from the water maze testing werce analyzed as follows: 1) mean swimming times in the
straight channel and for each individual tnal :n the Y-maze were analyzed using ANOVA;
2y mean percentages of successful trials at each cut-off value were 2nalyzed using ANOVA
following the double arcsine iransformation of Freeman and Tukey.

All statistical tests were two-sided and used significance levels of p<(.05 and p<C.01.

Indices:

Reproductive indices: No reproductive indices were calculated.

Offspring viability indices: No offspring viability indices were calculated Proportions for
hve bomn and surviving pups were given in the results tables,



Developmenta!l Neurotoxicity Study {2003) / Page 13 of 30

DICHLORVOS/A83001 OPPTS 870.6300; OECD 426

3.

Pasitive and historical control data: Hisioncal control data were provided far the
incidences of minimal and shight demyelination of the proximal sciatic, proximal tibial, and
distal tibiu! nerves and for limited brain morphometric measuretnenis on PND 17 and 63.
The demyelination data came from 10 studies conducled during October 2001 through April
2003. The brain morphomeiry data came from eight studies conducted during Juiy 1995
through October 2002. No further information was provided concerning the matenals,
methods. and personnel used in those studics,

No posiive control data were provided. However. the following citations tor previously
conductcd posittve controi and/or methodology validation studies were included in the
“References” section of the snudy report (p, 26, MRID 46153302):

* Allen, & (1993 Measuremen! of motor activity in rat pups. CTL Report No.
CTL/P/4155. MRID 44064701

* Allen, S (1994} Assessment of learning and memory in rats. UTL Report No.
CTL/P/4257, MRID 4406-4702.

*  Allen. S 11995) Developmental nevroroxicity study ir the rat using dietary restriction.
CTL Report No. CTL/Pi4383. MRID 44064705,

*  Allen. 5. (1996) Tnmethyiun chioride: investigation of nebrotoxicity in rat pups using
morphometrics and startle response. MRID 44064703,

+ Chivers. S, (2003) Motor activity: positive controi study ir rat pups. CTL Report No.
CTL/WRU575/Vatidation/Report.

* Milbum. G. (2002) Dizociipine and mecamylamine: positive control water maze study in
rats. CTlL. Report No. CTL/WR0442/Repulatory/Report.
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. RESULTS:

A. PARENTAIL ANIMALS:

1. Mortality and clinical and functionaj observations: One rreated female was sacnficed on
LD 2 due o clinical signs of pale and piloerection. One control female failed 1o produce a
litter and was killed on day 26. No abnormal FOB findings were recorded on any testing day.

2. Body weight: Selected group mean body weight data for pregnant or nursing dams are given
in Table 3. Mean body weizht and body weigiit gain of the treated dams were similar to
those of conirols throughowt gestanon and lactation.

TAEBLEF 3. Maternal body weight (g) and body weight gain (g) during gestation and lactation”
Observations/study day ¢ mg/kg/day 7.5 mglkg/day
Gestation
. - ] , A ‘
Mean body weight GD } 2357+ 163 256.2 = 17.3
Mean bodv weisht () 7 289.8 + 1A.8 2907 = 17.%
Mean body weight GD 14 3245 17.0 3247 = 18.%
Mean body weight GD 22 3577251 40].8 + 26.0
Weight gain GD 1-22° | 1330 1456
Lactation
1
Mean hody weipht LD | f 30).0x 243 , 3044 2 28.0
P
Mean body weight LD 7 39,4 %239 3208 +24.6
Mean badv weight L1 |5 3384+ 7253 i 356.5+2141
Mean body weight LD 22 3627+ 195 | 358.6 + 20.3
oy
Mean body weight LD 29 3510 = 181 é 34172216

Daia taken from Tabies 3 and 4, pp. 69-71 and 72-73. respectiveiy. MRID 46239801
“Mean body weight values are given as Mean 12 Standard Deviation,
" Caleulaied by reviewer using group mean body werght vaiues: not anajyzed siatstically.

3.

Reproductive performance: The reproductive performance of the parental females is
summanzed o Table 4. Pregnancy rate, gestation length, and number of live born litters
were similar between the treated and control groups. One control dam had two stillbom
pups.

\4"«
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TABLE 4. Reproductive performance.

Observation o me/ke/day 7.5 rg@g;/dav
Number mated 30 30

Number pregnarnt (%) 30 (100%:} 30 {100%5)
Incidence of dysiociz 0 Q

Total lifter resorpraons ! 0

Litters bomn dead A 1 0

Number of titers with live pups on LD | 28 3o

Mean (£SD) gestation duration (days) 22002 i 32000

Data taker: fromi Table S.p 74 and Appeado 4, pp. 523-327. MEID 46235801,

4. Maternal postinoriem results: Materna! necropsy was only conducted on animals that died
intercurrentlv. The contro} animal that failed to produce a litter had 6 implantation sites in
the uterus. Muluple adhesions of the abdominal organs were found in the treated dam that
was sacriticed on LD 2.

B. QOFFSPRING:

1. Viability and clinical sisns: Litler size and viability (survival) are summarized ia Table 5.
In the control group a total of five dams had complete litter loss and another eight litters had
insufficient numbers of pups {or selection of F, animals. Oniy two treated dams had
complete hitter loss. No treatmeni-related clinical signs of toxicity were observed in pups
during lactation or post-weaning. Pups from the treated dam sacrificed with clinical S1gns on
LD 2 showed byperthermie nrior 1o sacrifice.
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TABLE £. Litter size and viability
Obhservation §) myg/kg/day 7.5 mp/kg/day
Tatal number born 337 364
Number bom alive 327 354
Number hom dead 10 10
Tatal litter loss 3 2
Lirters with msufficient pups® 8 3
Mean litter size
D1 113 37 11.6£2.6
LD 5 (pre-cuil 4.1 109+26
Lbhg ‘E f) =00 79+03
LD 13 62203 6.6+C8
LD 29 09203 6.5+ 0.8
Sex Ratio (% male)on LD i 50.4 54.6
Proportion bom five (%) 94.6 97.7
Proportion surviviag LDs 1-5 (%) 85.8 94.1

Data taken from T abtex 6-10. pp. 75-79, respectively, and p. 523, MRID 46238501,
*At least 3 males and 5 fernales in z hiuer of at least 7 pups.

2. Body weighi: Pre- and post-weaning offspring body weight data are summarizec in Tables 6
and 7. respectively. No treatment-related eftects on offspring body weight duning or after
lactation were observed. Body weight of the reated males and females was cons*stemly
greater than that of the controls throughout the study.
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TABLE 6. Pre-weaning ollspring body weight data (g)
| Parameter/Postnatal Day or Intervai G my/ke/day 7.5 mg/kg/day
Males
Body weight PND 1 | 60207 62206
Rody weight PND S ¢pre-cully 93x190 10.1 =09
Body weight PNIJ 1) 175220 201+ 1.3
Body weight PND 14 271225 ] 305+ 1.5
Body weight PND 22 50.4 £ 6.0 548220
Body weight PND 20 909 = 5.5 959129
BW gain PNID §-5 tpre-cull)® : 33 3.0
BW pain PNL} 5 (post-cull) through PND 26 §1.6 85.8
Femajes
Body weight PN | {i—- 37x08 ' 5.8=06
Body weight PNT 5 (pre-culi) i 3.0x 19 | t5+1.0
Body weight PN 10 f 17618 189 1.5
Body weight PNL: 14 26,6524 : 2902 2.1
Body weight PND 22 18835 52328
Body weight PND 20 - g bz 501 : 8o6+34
BW gam PND I-5 ipae-cully | 3.3 ; 3.7
BW gain PND 5 (post-cull) through PNL: 22° H 75,7 801

Data taken from Tahles 11 and 13, pp. 80 and {23128, respectiveiv. MRID 46236801,
“Caleulated by revizwer from group mean values,
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TABLE "7. Post-weaning ofispring body weight data (g)
Parameter/Postnatal Day or Interval 9 mg/kg/day 7.5 mg/kg/day
Males
Body weight PN1» 24 j 90.9 = 5.5 959+29
Body weight PND 36 1438291 1532257
Body weight PN 50 258.6 + 161 2673+ 8.8
Body weight PN 63 3536+ 19.2 3589+ 129
BW gain PND 29-G3° 24627 ! 263.0
Females
Body weight PN 2v 84.6=x35.1 89.6+3.4
Body weight PN 36 | 1280+ 7.1 1353 = 5.6A
Body weight‘PNIT- SG 1 1887 =11.7 193.1+75
Body weight PNL 3 ’= : 2233+ 148 224889
W gain PND 29-63 1367 135.2

Data taken from Table 15, pp. 123-128, M'RLJ 46239801
*Calculated by reviewer from group mean values.

3. Developmental landmarks:

a) Sexual maturation: Age and body weight at sexuel maturation are given in Table 8. Age at
attainment for the treated animals was significant]v earlier than that of the control animals
and corresponded with shightly higher body weight for the treated group.

L TABLFE 8. Mean (+SI}) age and body weight at sexual maturation j;
Parameter | Gmg/kg/day | 7.5 mp/ke/day
N M) 16/16 24/24
Males .
Preputial sepatation (davy) 4—1 4410 437+ =009
Body wt. at attainment (g) 21l6x13.1 215168
Females
Vaginal opening (days) o 375x22 364*x 1]
Body wt. at attainment {y) 1352 + 10.0 136.4 8.0

Data obtained from Table 16, np. 120-130. MRID 26239501
Significantly diffsvent from control- *p = D.0S.

b) Developmental landmarks: Cther developmental Jandmarks, such as eve opening, incisor
eruption. pinna unfolding, and fur growth, were not monitored.

4. Behavioral assessments:
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a) Functional observationa] batlery: No abnorma! {indings were reported for any animal
on any iesting day.

b) Motor activity: Mean total motor activily counts are reporied in Table 9. Activity
generally increased with increasing age. and no significant differences were found
between the total activity counts of the treated and control groups of either sex on any
testing day. Statisticallv significant differences were noted sporadically for individual
sub-sessiong, but no dose- or time-related patiern was evident. Ne habituation was seen
in either sexes on all testing day. However, sub-session counts were somewhat vanable
between successive mtervais.

i TABLE 9. Moter activity data: total activity counts for session
Tes{ Day i U mg/kg/day 1 7.5 mg/hg/day
Males
PND 14 379 %179 7702751
PND 18 1358.3 + 129.8 2468 £ 1373
PND 22 303.1 = 223.0 2886+ 1242
PND 60 | A9 =112.7 5448+ 1509
Females
PND 14 1448 = 1037 i13.62 635
PND & 274 = 1863 {8822 1123
PND 22 026 = 1880 280.2 = 166.3
PND 60 5700 £ 83.F 357822712

Data taken from Tahle | 7. pp. (312138 pIRID 46239501
N = bssex for corua! and {1-127/sex for nweated anmmals

¢} Auditory startie reffex habitvation: Results of the auditory startle reflex hahituation
testing are given in Table 10 (maximum startle amplitude) and Table 11 (dime to
maximum amplitude). No treaiment-related differences were observed on either day.
Habituanon wes seen over successive trial 2locks @ all zroups on both days.
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TABLE 10. Auditory startle reflex habitustion: maximuir: amplitude (Vimax)
Test Day Block 0 mgfkg/day 7.5 mg/kg/day
Males

PND 23 1-10 3811 =761 3965 + 128.8
11-20 288.1 x 68.1 327.2273.0
21.30 A8 %379 28244748
31-30 248.0 2 50.6 266.5 = 56.6
4150 21772541 2507 + 804

PND 61 1-10 196272 x 10018 1424.1 > 5282
11-20 19704 2 4111 1121.8 £ 749 8
21-30 11934 = 4237 9538 % 334§
31-40 1123.0 2 222.0 879.9 2 3190.3
41-50 i 11060 2113 853.7 £ 172.9

Females

PND 23 1-10 : 0172502 3525 = 106.7
2o 2355 2 61,5 277 2664
21-30 7097+ 811 2336+ 37.6
31-40 10222 77.0 210.6 = 67.5
41.50 190.0 = 67.9 199.2 x 39.1

PN} 61 1410 § G125+ 186.6 0417 + 428.¢
1120 73172 1734 920.5 = 3383
21-30 ; 593 7 W7D 7787+ 2197
31-40 }r S47.2= 1904 802 8* » 261.5
41-50 : (128 = 2820 6473 2229

Data 1aken from Tahic 18, pp. 13%9-142, MEIL 4623950
Significantly different from control: * p<0.05
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TABLE 11. Auditory startie refiex habituation: time to maximnum amplitude (ms)
Test Day Block 0 mgikg/day 7.5 mgfkg/day
Males
PND 23 1-10 254 x4 152259 l
11-20 9,20 0.8 205 527
21-30G 1981 d W52 1T
31-40 03116 Wh+2.4
41-50 P 20427 2021 1.6
06w 16T 23.5+58
PND 61 1-10 L 180+ 167 b 5
L0 i M6 | 210248
- t
21230 ! SR N { 241 2 4.5
) H i
2140 -j, g T L 254447
H i
41.50 i Thew 1L i 254242
Females
PND 23 10 ! xS0 { 2502 10.6
el
1120 %g WGy : 220%% 1 1.7
{2630 i 20252 § 207220
(Lamo i 20.2=11 ; 215235
ir~!-<0 ] 105207 ! 216253
A i $
PND 61 Lo : el 250215
11-2G ! el { 226441
It
i -
21,30 i 23 110230
r i :
i
{3140 | A g t 2§20
N i
4150 i 139213 : 250458

Data taken trom Table 16 pp 143746, MRIT 3613980
Significantly difierent from controi: * *paC G

-d) Learning and memory festing: Sclecied datz from the water maze testing are given in
Table 12 for PNDs 24/27 and Table 13 Tor PNUs 59/¢2. No wrealment-re{ated changes in
learning or memory were coserved an eiiher sex, The nroportion of suzcessful tials at a
specilied cut-off critert wis not affecred by ircatment at zither testing inervel. On the
first day. lcamning was evidznt it cach group at both time points as a decrease in mean
swim time for Trisl & compared to the raean swim ume for Trial 1. Mermory was evident
in all groups at both time pyints as o decreese in the Trial | swim time on the second day

of testing compared to the Tnial [ swim time on the fitet day of testing. On PND 24,
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treated males had a significantly faster Trial 4 swim time compared to the controls and on
PND 62 females had a significantly slower Trial 6 swim time compared to the controls.
However, straigit channe! swim times were similar between the treated and control
groups on all testing days.

TABLE 12. Selected water maze perfarmance parameters for offspring at postnatal days 24 and 27.
Session/Parameter 0 me/kg/day J 7.5 mgfig/day
Males
PND 24 Swin ume (seconds):
Trnal | 10.45 £ 5.62 ) 11.66 + 7.42
Trai o 3.66+3.07 4372172
% Successtul Trials: ?
Cut-oft ime = 3 sec 6.3+E3 BDx13.2
Cur-off ume = 5 sec 45.8 + 301 594224
Cut-off time = 10 sec 81.3+27.1 84.1 = 14.6
PND 27 Swim ume (seconds):
I'mal 1 ) 7.36 + 3.69 706+ 548
I'ral 6 455 239 541402
¢ Successful Trials: * !
Cut-off tie = 3 sec 260x285 ] 225223
Cut-oft time = 5 sec 6357237 i 639 £273
Cut-off time = 10 sec i 3.6~ 83 ;: 86.1 x 15.6
remales
PND 24 Swart tine (secondsy: 7 f
Trial | | 1102+ 335 v 041 +398
Tnal 6 ! 407 %151 ‘ 445 %291
h Successful Tnals: ! :
ui-oft ime = 3 sec [ 1772230 ; 1262175
Cut off time = 5 sec | 56.3 = 24.2 B 53.0+22.8
Cui-off time = 16 sec | 7.5+ 143 ot 803+ 175
PND 27 Swim time (seconds): : '
Frat | . §23:538 ‘ 6.4l =348
Trial 6 : 4322207 4,33+ 228
¢ Successtul Trials: * :
Cur-off time = 2 sec | 3442275 30.3+20.8
Cut-off ime = S sec . T6O 156 M5+ 18.5
Cut-off time = 10 sec ! G0 6.+ 12 | 502+ 11.1

Data wken from Tables 20 and 21, pp. 147-150 and 155-161. respecuvely, MRID 46239801 .

N = 16/sex for conuol and 22-23/sex for reated animals

A suceesstul tai 1= one that 1s completed i less than the given cut-off ume. The percentage of trials meeting a specific
criterian was calculat=d for each individual snimal and vsed 1o deternune the group mean for that criterion

oA
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TABLE 13. Selected water maze performance parameters fur offspring st postnatal days 59 and 62.
Session/Parameter i b mafkp/day 7.5 mg/kg/day
Males

PNID 50 Swim Line (secondss:
Trial L 1624082 12.6

Trial & | 420+ 206 4.8

-
L

+543
*278

Yo
¥

¥

% Successiul Trals: *

Cut-off ume = 3 seu 14.6= 181 . 174%227

Cut-off ime = 5 sec 302N ! 300275

Cut-off time = 10 sec 83.2 2 10.5 ; g6+ 118
PND 62 | Swurn ume (seconds): ;

Trul | | 395 =211

Trial & 455249

% Successtal Trals: - ! }
Cui-off ime = 3 see : [ 26.8 = 30.0
Cut-off time = 5 sec 5 609 x24.4
Cut-off ume = 10 sec L 91.3 % {3.2
PND 30 | Swininne (secondSt )i
Vil i i IR : :3.61 = 6.16
Trial 6 i 4742279 4262379
% Kpecessiul Trajs: A
Cur-off time = 3 sec i 442152 181 =187
Cut-off Yme = 5 5o : RRICEN T 565218
Cut-off tme = 16 see ? 3332041 §12x51.6
PND 62 | Swurn timz (secondsh: ‘
Tril ' i 2832229 ; 4212213
Trg! 6 ji e v , G2 > 6.65
“r Successtul Trals: ” i g
P Cuolf time = 3 sec ‘ 205 2258 | 3482275
Cutoff ume = S sec y €3.32220 ; 5724224

Cut-off time = 1) sec i BRO = 74 i TH 1212

Dara taken from Tabies Z0and 21, pp. 1352154 and 164109, respectively, MRID 46239801,

N = 16/vex for conrel and 22-23/sex tor wreated ani aals V

“A successful triad v ome that s completed i dess than the yiven cut-off iyne. Thre percautage of tals meeting a specific
eriterion was cideulated for ench individual animal oid ased 1 deiermine the groap mean for that criterion.

Significantdy ifterent from control: *p = 0.05. ’

3. Postmoriem resuits:

a) Brain weight: Brain weight data vte given in Table 14, No treatment-related 2ffects on
whaole bratn or cerebellurn weights were observed al eiher time point. On PND 12, the
absotute weight of the cerebelium from treared fenriies was significantly greater than that
of the conirols,
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TABLE 14. Brain weigh! data.

)| S—

0 mg/kg/day

7.5 mg/kg/day

Study Day/Paranwter
§

Males

PND 12:
Terminal body weight (g) 2lex 17 24.1x19
Brain weight (g} 1032000 1.06£0.12
Brain/BW ratio (%) 4.76 = 0.40 441 2051

Cercbelium weight {(g)
CerebellunyBW ratio (%)

0. 120+ 0.013
0.561 = (LOB8

0.123 = 0.007

PND 63 (post perfusion):

0513 +0.048 *%

Terminal body weight {(g)

363.5 = 26.8

360.7x22.8

Brain weight ¢
Brain/BW ratio (%)

1932022
(.33 0.0

1.81 x0.15
050+ 0.07

Cerebellun weight (g}

1.311 1 0.028

0.292 £ 0.044

CerebellunyBY ratic {%) 0.0R6 + 0.000 0.081 £0.011
Females n
=
PND 12:
Terminai body weight (g} WA=26 237x1.8
Brain weight (g} ; i x0.06 } 105 £0.09
Brain/BW ratio (%) d 501 £0.59 | 430+ 0.54
Cerebellun: weight (g) 0105 = 0.013 } 0.120* +0.006
Cerchellum/BW ratio (%) 05317 + 0.084 l 0.509 + 0.053

PND 63 (post perfusion):

Terminal body weight (g)

ER N )

215% =137

Brain weight (g
Brain/BW ratio (%)

176 2 G.16

Q30 20610

169 =014
0.75 =007

Cerebellum weight {g)
Cercheliumy/BW ratio (%)

§

F

(2720032

011800148

0.267=0.016
(.119 + 0.009

Data taken from Tuble 23, pp. 173-179, MREID 46239801

N = B-12/sex/gronp

Sumificantly dittervat rom conel *p < 005

b) Macroscepic examination: Gffspning were not su

3

bjected to gross examination.

¢) Neurchistopathology: No treatment-related effects wers seen at PND 12 or 63 On PND
I 2, hemorrthage in the brain was found in ore male in sach of the control and treated
groups. At PND 63, minimal o slight demvelnation of the distai tibial, proximal sciatic,
and proximal tibial nerves was observed in several animals from all groups. The
incidences of the peripheral nerve findings were within the provided historical control

ranges.
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o

d) Morphometric evaluation: Morphometnic measurements taken in the cerebrum and
brain stem are given 1o Tables 13 and 16 for males and females. respectively, and those
taken i the cerebslium are piven in Table 17, Evaluation/interpretation of the
maorphometric data was confounded due to the low viability of control PND 12 animals.
However, statistical significance was atwned for soms measuremeants, but these were

sporadic. not consisient Over ime Of sex. and not consistent within a region.

The number of Purkinje cells was similer between the treated and control groups.
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TABLE 15. Brain morphoemetry of cerebrum and brainstem in ale offspring (mm).

I Region/Sectiun 6 mg/kg/day 7.5 mp/ke/day 0 mp/kg/day 7.5 lng;’l(g/day
| PND 12N = 8 and 12] PND 63 [N =11 and 12]

Fronual Conex j i
Height - Leve! 2 536+ 0.15 2352036 6.36 = 0.19 6.905£0.35
Width - Leve! 2 438+0.12 4.36 £ 0.32 5.14 040 540032

Dorsal Cortex: ;

Thickness (13- Level 3 [.18£0.13 1.25=0.09 122+ 0.1 1.15+0.08
Thickness (25 - Level 3 1.24£0.06 1.33x0.16 1.56 = (.22 1.2+ 0.11
Thickness - Level 2 111 +0.02 114 =012 4 L1£0147 1.19 +0.11
Thickness - Level 5 102+ 0.05 1072006 | 125+0.14 1.29+0.13

Pinform Corex.

Thickness - Level 3 112000 1052011 1212007 119+0.12

Thickness - Level d LOE +0.03 1042010 1.06 = 0.06 1.15** +0.09

Thickness | evels 162 0.07 6982008 | 1.0F=004 1.08 = 0.10
Hippacampus A ; !

Length - ieviel 3 i 3282025 300038 2472027 2312022

Length - Level d i 4§32 =027 3RE* 20252 1l =046 348 £ 046

Width - Levet 3 j 131 =508 L1822 0.10 ’E P31 =018 1.2l =015

Dentate gyrus length - Leve] 4 j 1.54 =018 145013 ; 1.66+0.19 1.61 £0.18

Dentate gvrus width - Level 4 ; 046 £ 0.04 0.50 £ 0.08 ’ 057 +0.04 0.58% = 0.06

Dentate gyrus width - Leve] 5 : 0.69 = 0.07 062002 rf 064 =015 0.68 +0.18
Corpus Callosisn :; E

Thickness - Lovel £ ! 0672012 062013 : C6+:0.03 0.3 £0.05
Thalarmus: ; ; i

Height - Level 4 I 553020 541i+0.29 ; 5372023 5.20x0.28

Width - Level 4 \ 8.35+0.57 b.14 =052 é 8.66 » 035 5.82+0.58

Width - Levet 5 ‘ TSI+ 055 690 = (.52 ‘ 7.70 =034 7.72 %025
Thalamus/Corte s ‘ !

Overall Widrh -level 4 ; 13.83 =036 13,16+ 0.5C g 4.1+ 113 14.27 + 0.48

Data 1aken from Table 24, pp. 186-203. MRITS 46739801,
Significantly different from control: * pefi.0S; ** pe.0).

SN

<«
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TABLE 16. Brain morphometry of cerebruna and brainstem in femaie offspring (mm).

Region/Section

?

f myp/kg bw/day

7.5 mg/kg/day

0 myg/kg/day

7.5 mg/kg/day

PNB 12 [N = 8 and 10)

PND 63 [N = 11 and 12]

Frontal Contex-

Height - Lewel 2

6.80 % 0.36

6.93+£0.32

Width - Level 2 4.25+0.21 444 x0.25 523027 532=+0.36
Dorsal Cortex-
Thickness - Leve! 3 110+ 6052 1.23=% 2+ 0.06 1.23 = 0.08 1.20+0.10
Thickness, - fevel 3 1.20x0.10 135+ +0.02 1.55+0.20 151+0.12
Thickness - Level 4 1.06 = 0.06 1.14* £ 0.09 11212014 1.20+0.08
Thickness - Level 5 1.07+0.03 .10 £ 0.09 E 1.19 = 0.09 122011
Piriform Cortex.
Thickness - Level 3 1.12x008 1.06 +0.15 119 =0.08 1.20x0.13
Thicknexs - fevel 4 108+ 0.07 1.07 (.10 4 1.20x0.07 1.13*+0.07
Thickness - Level 5 0.99 = 0.06 1.05+0.09 1.09 = 0.07 1.09+0.10
Hippocampu: {I
Length - Level § i 235 2033 214+ 0143 %‘. 105 =024 2542034
Jength - Lervel ot ; 423 %005 IBB* =034 E‘ 381 = 0.40 375031
Width - [evel 3 ! 121+ 0004 {35 2007 E{ 134 +x0.06 1.36+007
Dentate ryrus jength - Level 4 : 1472018 1.45+0.00 ' 175+ 0.16 1.74+0.17
Dentate gyrus width - Level 4 0432029 0.46 = 0.06 : 4.57 £ 0.02 0.58'+0.05

i TEN

Thalamus/Cortex

Overall width - Level 4

é
i
]
3
\
%

13.12+036

14,10 £ 0.47

Dentate pyrus width - Level 3 f 0.59 + 0.06 0.69* x 0.09 : 059+ 005 0.61 2 0.08
Corpus Callosun: f

Thickness - fevel 4 f v 0.62 +0.09 038 +0.13 %' 0.42+0.05 0.39 x0.07
Thalamus: % !.:

Height - Levet 4 t 5.32 2020 5202023 ;§ 5429022 532+0.29

Width - Level 4 A 8.30 £ 0.20 7.867 +0.43 ;5 £46£040 8.45+ 030

Width - Level 5 693 0.23 7052039 E? 151025 7.54+025

1608 »044

Data taken from Tablz 24, pp. 180-203, MRID 46239801,
Significanty dsfferent from control: = p<0.05; *4 p<0.61

e
-

.‘v .
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TARLE 17. Bratn morghometry of cerebellom

Parameter Description 0 me/ke vw/aay | 7.5 mg/kg/day 7) mgfug/day 7.2 mg/kg/day
Mates Females
PND 12 [N = 8-12]
Height (rrun’ 3740006 256% = 617 3.38 2 0.37 372+0.19
Length (mm: 432 +0.38 4.09 % 0.35 396 =037 3.89 £0.30
Thickness of cercbeliar cortex layers
Precuinunate Fissure:

Molecular laver (mm; T29+9.0 709+ 6.6 [ 69200 £9.8+6.4

Outer granudar Jayer (mm 4 =66 382+ 5.9 355+44 387x7.0

Inner granolar Javer (pm} 157 %24 150 27 141 £20 132 +22

Prepyravudal Frssure:

Molecuiur laver cnumn

5722812

Ouvter granmlar layer {grm

4854935

Tnner granutar layer (num) 137422 1472222 [23+9 138* £ 16
PN 63
1 :
Height (mm AN 0T 232035 5152021 493 ~028
Length (mum: { 629272 631 + 040 l‘ 676025 637+0.353
Thickness of cereheifar cortex lavers : ;’
Preculminate Fissure: ,-‘? £
A -
3 i
Motecular Fiver (mm} 'f 004+ 120 101.0+09% gf 165.0+12.0 4.1 +6.6
: — -
Inney pranulas Javer (umy ! S0 < 11 I ) i 91 =8 867
Prepyramuds’ Fisuure: § §§
Maodeculur aryer (mym) e d #2000 1174+ 101 11302+ 105 1086+ 13.0
Inner granular laver (mm} ? 73=10 glea7 (77210 77 £ 10

Data taken from Tuhlc 24, pp. 150-203, ME D 46229501

Sigmficantiy ditferont from conwral: * pd.G2.




. DISCUSSION AND CONCLUSIONS:

A.

C.

INVESTIGATORS' CONCLUSIONS: The study author concluded that there were no

trcatment-related effects on the &, parent females. The study author alse concluded that no
evidence of toxicity, inclading neurotoxicity. was seen in the F, offspring. Poor survival of
pups from the group dosed with 7.5 mg/kg/day in a previous study was not repeated in the
current study.

REVIEWER COMMENTS:

The current study was designed as a supplernent to a definitive developmental neurotoxicity
study (MRID 46153302). Oniy one dose level was used in an attemipt to confirm findings in
the previous study.

The reviewer agrees that no clear evidence of marternal toxicity was observed. Therefore,
the maternal systemic and neuroloxicity LOAEL is not identified. and the NOAEL is
greater than or equal to 7.5 mg/kg bw/day.

Excessive litter losses in the control group during lactation reduced the number of litters
available for assignment of offspring to further testing. The reason for the pup mortality is
unknown but was also observed 1n the definitive developmental neurotoxicity study (MRID
461533023 ui the same dose used in the current study. Therefore, pup mortality is not related
to treatment with the test article, but mayv refiect a problem with the animals or with the
testing facility.

No evidence for offspring toxicity was observed. Pups frora the ireated group actually had
greater bodyv weight than those of the control group. Correspondingly. the higher pody
weight ot the treated animals resulted 1n earlier attainment of sexual maturation.

Developmental neurotoxicity was not seen in the offspring as measured by the FOB, motor
activity, auditory startle reficx habituation, or learning and memory iests. Evaluation/
interpretation of the morphometnic data was confounded due to the low viability of control
PND 12 animals.

The offspring systemic anc neurotoxicity NOAEL is 7.5 mg/kg/day (HDT). The
oftfspring 1.QAFL is not established.

STUDY DEFICIENCIES:

1) The high pup mortality in controls during lactation obscures the interpretation of the study results,
specially, with regard to the mortality seen at the high dose gronp.

2) The number of available htters for FI offspning selection at the high aose group was inadequate for
evaluation.



